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Ugational encoding using building block oligonucleotides 

* 

AM patent and non-patent references cited in the application are hereby incorporated 
by reference in their entirety. 

Technical Held of the Invention 

The present invention In one aspect relates to a method for synthesizing a 
bifunctional complex comprising a molecule and an identifier polynucleotide 
identifying at least some of the chemical entities which have participated in the 
synthesis of the molecule in accordance with the methods of the present invention. 
The invention also relates to a library of different bifunctional complexes. The library 
of the invention can be used e.g. for identifying drug leads. 

Background of the Invention 

Libraries of complexes comprising an molecule as well as the template which has 
coded for the synthesis thereof have previously been disclosed. Attempts to form 
complexes comprising an molecule as well as a template coding for the chemical 
entitles that have participated in the formation of the molecule have been based on 
split-and-mix methods known e.g. from combinatorial chemistry, see e.g. WO 
93/06121 A1, EP 643 778 B1, and WO 00/23458. 

If several selection rounds are desirable or necessary, the split-and-mix principle 
has the inherent disadvantage of requiring decoding between each selection round. 
The decoding step may be laborious and cumbersome because the templates usu- 
ally are incorporated into a vector and then subsequently into a suitable host micro 
organism. 

Other attempts have focussed on the formation of encoded proteins using the natu- 
ral machinery of a celi and connecting the formed protein with the template nucleic 
acid that has coded for the amino acid components of the protein. Examples of suit- 
able systems are phage display, E. co// display, ribosome display (WO 93/03172), 
and protein-mRNA-fusions (WO 98/31700). The genetic information of the nucleic 
acid, usually mRNA or DNA, may not necessarily be decoded between each round 
of selection to establish the identity of the chemical entities that has formed the 
protein because the nucleic acid can be amplified by known means, such as PGR, 



and processed for the formation of a new library enriched in respect of suitable 
binding proteins. 

Recently, new a method for encoding molecules has been suggested, which can be 
performed in several selection rounds without intermediate decoding, wherein the 
molecule Is not restricted to peptides and proteins. WO 02/00419 and WO 
02/103008 disclose methods for preparing a molecule connected to a template 
coding for chemical entitles which have reacted to form the molecule. 

WO 02/074929 and WO 04/016767 also disclose template directed synthesis meth- 
ods in which the reactive units of functional groups are reacted while hybridised to a 
template. This severely restricts ihe applicability of these prior art methods. 

The methods of the prior art are restricted to reactions of the chemical entities which 
can be performed under hybridisation conditions. Hybridisation conditions generally 
imply aqueous solvents, moderate pH, and ambient temperature. 

i 

Summary of invention 

There exists a need for novel methods for molecule synthesis and library generation 
which can be carried out under conditions wherein hybridisation based chemical 
entity reactions cannot be carried out, such as e.g. chemical entity reactions carried 
out in nonaqueous solvents, at low and high pH outside the moderate pH values 
normally applied for aqueous solvents, and at low and high temperatures 
significantly below and above ambient temperatures. 

Furthermore, the present invention is based on the principle that chemical entities 
initially provided on a building block oligonucleotide (i.e. a building block having an 
oligonucleotide part which is linked to a chemical entity) can be brought into reactive 
proximity without the use of a template comprising a set of covalently linked codons. 



Also, the present Invention allows reaction of chemical entities when the chemical 
entities are linked to a single stranded identifier polynucleotide obtained by 



covatently Unking the oligonucleotide parts (oligonucleotide Identifiers) of the building 



blocks. 



The single stranded identifier polynucleotides differs from template directed 
synthesis methods employing codon and anti-codon hybridisation between a 
template and one or more transfer units, i.e. methods wherein e.g. reactive units on 
transfer units are reacted while the anti-codon of the transfer units are hybridised to 
template codons (see e.g. WO 02/074929 and WO 04/016767 cited herein above). 

Building blocks of the present invention are Initially brought into reactive proximity by 
sequential or simultaneous hybridisation to connector oligonucleotides which differ 
from a template as no single connector oligonucleotide can direct the synthesis of 
an entire molecule. 

While template directed synthesis is predetermined by the configuration of the 
codons along the template, which codons comprise all the information necessary for 
template directed synthesis, the present invention exploits the more flexible 
approach of initially generating a hybridisation complex between building block 
oligonucleotides and one or more connector oligonucleotides. 

Accordingly, different building blocks comprising a chemical entity linked to the 
oligonucleotide (identifier) of the building block are thus brought into reactive 
proximity with each other. Following ligation - chemical, enzymatic, or otherwise - of 
the (identifier) oligonucleotides of hybridised building blocks, an identifier 
polynucleotide is formed. 

The oligonucleotide identifier thus identifies the chemical entity attached - 
covatently. non-covalently or otherwise - to the Identifier oligonucleotide of the 
building block, whereas the identifier polynucleotide is capable - once decoded - to 
Identify the molecule having been synthesised. or to identify the chemical reactions 
which have taken place In order to synthesise the molecule. 



In contrast to a template directed synthesis method, no template is used and no 
single identifier oligonucleotide becomes hybridised to all of the remaining building 
blocks. 

The building blocks of the present invention can be illustrated as generally falling 
into 3 different groups as listed below: 

a) building blocks comprising an identifier oligonucleotide linked to 
one or more chemical entities, 

b) building blocks comprising an identifier oligonucleotide linked to 
one or more reactive groups, and 

c) building blocks comprising or consisting of an identifier oligonu- 
cleotide, optionally an identifier oligonucleotide comprising a 
spacer region, wherein the building blocks of group c) are pref- 
erably connector oligonucleotides to which building blocks of 
groups a) and b) can hybridise. 

In certain embodiments, class a) and b) building blocks will also be termed CCPN's 
herein below, whereas class c) building blocks will be termed CPN's. However, in 
certain other embodiments, both CPN's and CCPN's can be of the classes a) and b) 
listed herein Immediately above. 

When CCPN's are of class a) and b) and the CPN's are of class c), all the chemical 
entities to be reacted In the synthesis of a molecule will be provided by "building 
blocks" of classes a) and b) above. Building blocks of class c) above are a special- 
ised form of building blocks also termed "connector oligonucleotides". 

The oligonucleotide part of the building blocks (i.e. calsses a) and b) above) can be 
ligated together following formation of a hybridisation complex also comprising con- 
nector oligonucleotides. This leads to the formation of an identifier polynucleotide to 
which the chemical entities are associated, covalently. non-covalently or otherw,se. 



Following separation (e.g. disruption of the hydrogen bonds mediating the hybridisa- 
tion) of the identifier polynucleotide (linked to a plurality of chemical entities) from 
one or more optionally ligated CPN's. the chemical entities can be reacted under 
reaction conditions which are not compatible with maintaining the structure (i.e. up- 
holding hybridisation of CPN's and CCPN's) of the above-mentioned hybridisation 
complex of CPN's and CCPN's. 

The one or more optionally ligated CPN's can be removed from a reaction compart- 
ment in which the identifier polynucleotide is retain prior to reaction of the chemical 
entities. Alternatively, the chemical entities linked to ihe identifier polynucleotide can 
be reacted while the optionally ligated CPN's are present in the same reaction com- 
partment, but not hybridised to the identifier polynucleotide. 

Apart from allowing a wider range of reaction chemicstries, the single stranded na- 
ture of the identifier polynucleotide also allows for more flexibility (i.e. movement of 
the chemical entities realtive to each other) than the movement which is afforded by 
a hybridisation complex of CPN's and CCPN's. 

In some preferred embodiments of the invention, individual Identifier 
oligonucleotides comprise a "zipper box", i.e. a nucleotide sequence capable of 
hybridising to a 'zipper box" of another or an adjacently positioned identifier 
oligonucleotide. The "zipper box" of e.g. a CCPN will not be involved in hybridisation 
of the CCPN to a CPN, but it will hybridise to a complementary "zipper box" of 
another CCPN and bring the chemical entities of the two CCPN's into reactive 
proximity. 

Accordingly, two oligonucleotides may be provided with a zipper box, i.e. a first 
identifier oligonucleotide comprises a first part of a molecule pair being capable of 
reversible interaction/hybridisation with a second identifier oligonucleotide 
comprising the second part of the molecule pair. 

Typically, the molecule pair comprises nucleic acids, such as two complementary 
sequences of nucleic acids or nucleic acid analogs. In a certain aspect, the zipper 
domain polarity of the first oligonucleotide attached to a first chemical entity is 
compared to the zipper domain polarity of the second oligonucleotide. 



reverse 



Usually, the zipping domain is proximal to the chemical entity to allow for a close 
proximity of the chemical entitles. In preferred embodiments, the zipping domain is 
spaced form the chemical entity with no more than 2 nucleic acid monomers. 
Typically, the zipping domain sequence comprises 3 to 20 nucleic acid monomers, 
such as 4 to 16, and preferably 5 to 10, depending on the conditions used. 



Definitions 



At least 1 single complementary connector oligonucleotide (CCPN) hybridizes to at 
least 2 connector oligonucleotides (CPN): The hybridization events leading to the 
formation of the supramolecular complex can occur simultaneously or sequentially In 
any order. 

A Afunctional complex comprises a (final) molecule and the identifier polynucleotide 
which can be decoded to reveal the Identity of the molecule - or the chemical reac- 
tions having resulted in the synthesis of the molecule. An intermediary form of the 
bifunctional complex will have been formed when a hybridisation complex Is formed 
by hybridisation of at least 2 CCPNs and at least 1 CPN, wherein at least some of 
said hybridised CPNs and/or CCPNs will provide reactants, such as chemical enti- 
ties comprising functional groups, to a method for synthesising the at least one 
molecule ultimately linked to the Identifier polynucleotide of the Afunctional complex. 

Branched CPN: Connector oligonucleotide comprising one or more branching points 
connecting linear or branched connector oligonucleotides. 

Building block oligonucleotide: Generic term for a polynucletide part linked to either 
a) a reactant such as a chemical entltity comprising at least one reactive group (type 
l BBPN), or b) a reactive group (in the absence of a reactant or chemical entity) 
(type II BBPN). or the BBPN can simply comprise a polynucleotide part comprising a 
spacer region for spacing e.g. chemical entitles of other BBPNs (type III BBPN). The 
term building block oligonucleotide thus includes CPNs and CCPNs irrespective of 
their type. In certain embodiments, building block oligonucleotide is used to describe 
a building block in which a chemical entity (or a reactive site) is linked to the (Identi- 
fier) oligonucleotide of the building block (see building block oligonucleotides of 



classes a) and b) herein above). When this definition of building block oligonucleo- 
tide is applied, the corresponding definition of a connector oligonucleotide Is the one 
used to describe building block oligonucleotides of class c) herein above. 

Complementary connector oligonucleotide (CCPN): A CCPN preferably comprises 
an oligo nucleotide part which can be linked to either a) a reactant such as a chemi- 
cal entity comprising at least one reactive group (type I CCPN), or b) a reactive 
group (in the absence of a reactant or chemical entity) (type II CCPN). However, in 
certain embodiments, a CCPN can also comprise a polynucleotide part comprising a 
spacer region for spacing e.g. chemical entities of other CCPNs (type III CCPN). 
When the polynucleotide part of a CCPN is linked to a reactant, such as a chem.cal 
entity comprising at least one reactive group, the CCPN can act as a 'donor CCPN" 
or as an "acceptor CCPN" and take part in the method for synthesising the at least 
one molecule. In some embodiments, some CCPNs will be "donor CCPNs" donating 
chemical entities to the synthesis of a molecule, whereas at least one other CCPN 
will be an "acceptor CCPN", or a CPN will be an "acceptor CPN". A method for syn- 
thesising at least one molecule exploiting one or more "donor CCPNs" comprising at 
least one reactant. such as at least one chemical entity, does not exclude using - .n 
the same method - at least one "donor CPN" comprising at least one reactant. such 
as at least one chemical entity. The covalent or non-covalent bond between a 
chemical entity and a polynucleotide part of a "donor CCPN" can be cleaved before, 
during, or after the synthesis and formation of the molecule comprising reacted re- 
actants, such as covalently linked chemical entities. A covalent bond will be gener- 
ated between reactants or chemical entities associated with an acceptor CCPN, or 
an acceptor CPN, during the synthesis of the molecule comprising reacted reac- 
tants, such as chemical entities. 

Connector oligonucleotide: One or more CPN's guide the synthesis of a molecule by 
"calling" for CCPNs capable of hybridizing to a CPN. In some embodiments, .t .s 
preferred that the CPNs comprise only a nucleotide part (connector oligonucleo- 
tides), and no reactant (or chemical entity) or reactive group(s) (CPN type III). How- 
ever, in other embodiments, the nucleotide part of a CPN can be linked to at least 
one reactant (or chemical entity) comprising at least one reactive group (CPN type 
I), or the polynucleotide part of a CPN can be linked to a reactive group (In the ab- 
sence of a reactant or chemical entity) (CPN type II). 
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Decoding: The nucleotide part of a CPN or a CCPN harbours information as to the 
Identity of the corresponding reactant or chemical entity linked to the nucleotide part 
of the CPN or the CCPN. Following a selection step the chemical entities which 
have participated in the formation of the molecule can be identified. The identity of a 
molecule can be determined if information of the chemical entities can be estab- 
lished. However, it may be sufficient merely to obtain information on the chern.cal 
structure of the various chemical entities that have participated in the synthesis of 
the at least one molecule in order to deduce the full structure of the molecule, as 
structural constraints during the formation can aide the identification process. As an 
example, the use of different kinds of attachment chemistries may ensure that a 
chemical entity on a building block can only be transferred to a certain position on a 
scaffold. Another kind of chemical constraints may be present due to steric hin- 
drance on the scaffold molecule or the chemical entity to be transferred. In general 
however, it is preferred that information can be inferred from an identifier polynu- 
cleotide that enable the identification of each of the chemical entities that have par- 
ticipated in the formation of the molecule along with the point in time In the synthes.s 
history when the chemical entities have been incorporated in a (nascent or .nterme- 
diate) motecule- 

Although conventional DMA sequencing methods are readily available and useful for 
this determination, the amount and quality of isolated Afunctional molecule hybnd,- 
satlon complexes linked to a motecule having the desired property may require ad- 
ditional manipulations prior to a sequencing reaction. When the amount is low. it .s 
preferred to increase the amount of the identifier polynucleotide by polymerase 
chain reaction (PCR) using PGR primers directed to primer binding sites present In 
the identifier polynucleotide. In addition, the quality of the library may be such that 
multiple species of different Afunctional molecules are co-isolated by virtue of s.mi- 
lar capacities for binding to a target. In cases where more than one speaes of b.- 
functional molecule are isolated, the different isolated species can suitably be sepa- 
rated prior to sequencing of the identifier polynucleotide. 

Thus in one embodiment, the different identifier polynucleotides of the Isolated bi- 
functional complexes are cloned into separate sequencing vectors pnor to deter- 
mining their sequence by DNA sequencing methods. This is typically accompLshed 
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by amplifying all of the different identifier polynucleotides by PCR, and then using 
unique restriction endonuclease site(s) on the amplified product to directionally 
clone the amplified fragments into sequencing vectors. The cloning and sequencing 
of the amplified fragments is a routine procedure that can be carried out by any of a 
number of molecular biological methods known in the art. 

Alternatively, the bifunctional complex or the PCR amplified identifier polynucleotide 
can be analysed in a mlcroarray. The array may be designed to analyse the pres- 
ence of a single subsequence or multiple subsequences in an identifier polynucleo- 
tide. 

Chemical entity: Part of a building block oligonucleotide - or a CPN or a CCPN. 
When building blocks are used in which the oligonucleotide part is linked to a 
chemical entity, corresponding connector oligonucleotides preferably consists only 
of an at least partly complementary oligonucleotide sequence, but no reactive group 
or chemical entity. Chemical entities comprise at least one reactive group used for 
reacting a chemical entity with another chemical entity. The chemical entity com- 
prises a part of or an intermediate or precursor of the molecule to be synthesised. A 
chemical entity can also comprise the product of a reaction having previously taken 
place between different chemical entities, i.e. the term also applies to intermediate 
products being generated prior to or during the synthesis of the molecule. 

Chemical entities serve the function of being precursors for the molecule to be syn- 
thesised. Therefore, when it is stated in the present application that a chemical en- 
tity is linked to another chemical entity through the reaction of the reactive groups of 
respective chemical entities, It is to be understood that not necessarily all the atoms 
of the original chemical entity is to be found on the final molecule having been syn- 
thesised. Also, as a consequence of the reactions involved in the linking, the struc- 
ture of the chemical entity can be changed when it appears on the molecule. Espe- 
cially, the cleavage resulting in the release of the chemical entity may generate re- 
active group(s) which in a subsequent reaction can participate in the formation of a 
connection between the (nascent or intermediate) molecule and a further chemical 
entity. Furthermore, two or more chemical entities may generate an intermediate 
which can be reacted with a third (or further) chemical entity to form a nascent (in- 
termediate) or final molecule. 
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The connection or linking between chemical entities or, alternatively, a chemical 
entity and a nascent (intermediate) molecule, is aided by one or more reactive 
groups of the chemical entities. The reactive groups may be protected by any suit- 
able protecting groups which need to be removed prior to the linking of the chemical 
entities. Dependent on the reaction conditions used, the reactive groups may also 
need to be activated. A chemical entity featuring a single reactive group may suita- 
bly be used i.a. in the end positions of polymers or to be reacted with a scaffold, 
whereas chemical entities having two or more reactive groups intended for the for- 
mation of linkage between chemical entitles, are typically present as scaffolds or in 
the body part of a polymer. A scaffold is a core structure, which forms the basis for 
creating multiple variants of molecules based on the same set of chemical entities to 
be reacted in different combinations in order to generate the variants . The variant 
forms of the scaffold is typically formed through reaction of reactive groups of the 
scaffold with reactive groups of other chemical entities, optionally mediated by fill-in 
groups or catalysts, under the creation of a covalent linkage. 

Chemical entity reactive group: Each chemical entity comprises at least one reactive 
group the reaction of which with a reactive group of a separate chemical entity re- 
sults in the formation of covalently linked chemical entities, or parts thereof. 

A reactive group of a chemical entity may be capable of forming a direct linkage to a 
reactive group of another chemical entity, or a nascent or intermediate molecule, or 
a reactive group of a chemical entity may be capable of forming a connection to a 
reactive group of another chemical entity through a bridging fill-in group. It is to be 
understood that not all the atoms of a reactive group are necessarily maintained in 
the connection formed. Rather the reactive groups are to be regarded as precursors 
for the linkage formed. 

Hybridization complex: Plurality of CPN's hybridised to a plurality of CCPN's. The 
overlap of complementary polynucleotides of CPNs and CCPNs hybridising to one 
another is preferably 4 or more nucleotides, such as e.g. 6 nucleotide overlaps, for 
example overlaps of 10-12 nucleotides. A hybridisation complex is an intermediary 
in the synthesis of a Afunctional complex comprising a molecule and an identifier 
polynucleotide capable of identifying said molecule. 
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Linear CPN: CPN comprising a sequence of covalentty linked nucleotides. 

Molecule: Molecule having been synthesised by the reaction of chemical entities on 
different building blocks, i.e. the molecule being the reaction product when reactive 
groups of different (i.e. separate) chemical entities are reacted, when chemical enti- 
ties are joined together, or when chemical entities are linked to a scaffold. The for- 
mation of a molecule involves in one embodiment the reaction of at least one 
chemical entity, or part thereof, a) of one or more CCPN(s) with one or more sepa- 
rate CCPN(s), and/or b) of one or more CPN(s) with one or more separate CPIM(s), 
and/or c) of one or more CPN(s) with one or more CCPN(s), and/or d) of one or 
more CCPNfs) with one or more CPN(s). preferably by reacting at least 2. such as 
at least 3, 4. 5. 6. 7, 8. 9. 10, 11. 12, 13. 14, 15. 16. 17. 18. 19. 20 chemical entity 
reactive groups In order to synthesise the molecule. 

Other reactive groups: Groups the reaction of which does not result In the formation 
of a molecule comprising covalentty linked chemical entities. 

Plurality: At least 2. such as 3. 4, 5. 6. 7. 8. 9. 10. 11. 12, 13, 14. 15. 16, 17, 18, 19, 
20, 21. 22, 23. 24, 25. 26, 27, 28, 29, 30, 31. 32, 33, 34. 35. 36, 37. 38, 39. 40. such 
as 45. 50. 55. 60, 65, 70, 75. 80. 85. 90. 95. 100, for example. 200, 300. 400. 500. 
600, 700, 800, 900, 1000, such as more than 1000. 

Reactant: Precursor moiety for a structural unit in the synthesised molecule. The 
reaction of reactants result in the formation of at least one molecule in accordance 
with the methods of the present Invention. 

Reacting chemical entity reactive groups: A molecule is generated by reactions in- 
volving chemical entity reactive groups. Reacting chemical entity reactive groups of 
separate chemical entitles results in linking the chemical entities, or a part thereof, 
by covalent bonds. Types of reactive groups and types of reactions involving such 
reactive groups are listed in Fig. 6. The listing is merely illustrative for selected reac- 
tion types and not exhaustive. Although Fig. 6 Illustrates reactions between chem.cal 
entities on building blocks which are hybridised to a connector oligonucleotide, the 
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same reactions can take place when chemical entities on an Identifier polynucleotide 

♦ 

are reacted. 

Reactive group: Activatable part of e.g. a reactant. such as a chemical entity, i.e. a 
(reactive) group forming part of, being Integrated into, being linked to, or otherwise 
associated with, a building block oligonucleotide of type I as designated herein. A 
reactive group, such as e.g. a catalyst, can also occur on its own without forming 
part of, being integrated into, being linked to, or otherwise associated with, a reac- 
tant, such as a chemical entity. In the latter case the reactive group is linked to the 
polynucleotide part of a building block oligonucleotide of type II as designated 
herein. 

Spacer region: Region on a CPN or CCPN capable of separating and/or spatially 
organising chemical entitles located on adjacently positioned CPNs or CCPNs in a 
hybridisation complex. In one embodiment the spacer region is the region of a 
building block polyncleotlde not hybridised to another building block oligonucleotide. 
The polynucleotide part of both CPNs and CCPNs can comprise a spacer region, 
optionally in the absence of a chemical entity or a reactive group linked to said poly- 
nucleotide part, in some embodiments, a building block oligonucleotide comprising a 
spacer region in the polynucleotide part of the building block oligonucleotide does 
not comprise a reactant or a chemical entity or a reactive group (participating In 
molecule formation) linked to said polynucleotide part of said building block oligonu- 
cleotide. However, building block oligonucleotides comprising such reactants or 
chemical entities or reactive groups linked to the polynucleotide part of the building 
block oligonucleotide may further comprise a spacer region, such as e.g. a region of 
the polynucleotide part of the building block oligonucleotide which does not hybridise 
to the polynucleotide part of other building block oligonucleotides. In such embodi- 
ments, it will be understood that CPNs of type III and CCPNs og type III (as desig- 
nated herein elsewhere) do not also comprise one or more reactants, or one or 
more chemical entities, or one or more reactive groups participating In molecule 
formation. Spacer regions can be designed so that they are capable of setf- 
hybridizatlon and hair-pin structure formation. "Spacer regions" or "hybridisation re- 
gions" can be nucleotides to which no chemical entities and no reactive groups are 
attached. 
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Zipper box: Linkers linking chemical entities to e.g. the polynucleotide part of a CPN 
or a CCPN can comprise a "zipper box". Two Tinkers may be provided with a zipper 
box, i.e. a first linker comprises a first part of a molecule pair being capable of re- 
versible interaction with a second linker comprising the second part of the molecule 
pair. Typically, the molecule pair comprises nucleic acids, such as two complemen- 
tary sequences of nucleic acids or nucleic acid analogs. In a certain aspect, the zip- 
per domain polarity of the CCPN harbouring the first linker attached to the first 
chemical entity is reverse compared to the zipper domain polarity of the CCPN har- 
bouring the second chemical entity. Usually, the zipping domain is proximal to the 
chemical entity to allow for a dose proximity of the chemical entities. In preferred 
embodiments, the zipping domain is spaced form the chemical entity with no more 
than 2 nucleic acid monomers. Typically, the zipping domain sequence comprises 3 
to 20 nucleic acid monomers, such as 4 to 16, and preferably 5 to 10, depending on 
the conditions used. 

The annealing temperature between the nucleic acid part of the CCPN and a CPN is 
usually higher than the annealing temperature of the zipper box molecule pair to 
maintain the hybridisation complex during the reaction. Usually, the difference be- 
tween the annealing temperatures Is 10°C, such as 25 °C, or above. In a certain 
embodiment of the invention, the conditions during assembling of the hybridisation 
complex Includes a concentration of the CCPN and CPN which is higher than the 
concentration during reaction to allow for optimal dimerisation conditions for the two 
parts of the molecule pair. The concentration during the assembly of the hybridisa- 
tion complex is in a preferred aspect at least 10 times higher compared to the con- 
centration used for dimerisation of the to parts of the molecule pair. In a certain as- 
pect, the reaction step is performed by altering the temperature below and above 
the annealing temperature of the zipping domain, however ensuring that the hybridi- 
sation complex retains its integrity. 

Detailed description of the drawings 

Fi Q . 1 illustrates one embodiment of the present invention. A building block is at- 
tached to a solid support through the oligonucleotide part of the building block. X 
denotes a chemical entity. A connector oligonucleotide is added sequentially or si- 
multaneously with the addition of another building block (Y denotes a chemical en 
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tity). A hybridisation complex is formed between the connector and the building 
block oligonucleotides. The oligonucleotide part of each of the building blocks is 
ligated and the identifier polynucleotide thus created is separated from the connec- 
tor oligonucleotide. After separation of Identifier polynucleotide and the connector 
oligonucleotide, chemicat entitles X and Y attached to the identifoer polynucleotide 
are reacted, and the reaction product XY is formed. Further steps pertain to the ad- 
dition of a further connector oligonucleotide - sequentially or simultaneously with the 
addition of a further building block (Z denotes a chemical entity). A hybridisation 
complex is formed between the identifier polynucleotide of the bifunctional complex 
resulting from the reaction of chemical entities X and Y, the further connector oligo- 
nucleotide and the further building block oligonucleotide carrying chemical entity 2. 
The oligonucleotide part of the further building block is ligated to the identifier poly- 
nucleotide and the further Identifier polynucleotide thus created is separated from 
the connector oligonucleotide. After separation of identifier polynucleotide and the 
connector oligonucleotide, the further chemical entity Z is reacted with XY attached 
to the identifier polynucleotide, and the reaction product XYZ is formed. It is possible 
to repeat the above steps one or more times. X, Y and Z need not be Identical be- 
fore and after reaction of the respective chemical entity reactive groups. 

Ro ,2 illustrates another embodiment of the present invention. A connector oligonu- 
cleotide is attached to a solid support. Building blocks and one or more connector 
oligonucleotides are added and a hybridisation complex is allowed to form. The oli- 
gonucleotide part of each of the building blocks carrying chemical entities X, YandZ 
are ligated and separated from optionally ligated connector oligonucleotides. The 
separation can be a disruption of hydrogens bonds In the hybridisation complex, or a 
physical separation to another reaction compartment. After separation, chemical 
entities X. Y and Z are reacted and the reaction product XYZ Is formed. It is possible 
to repeat the above steps one or more times. X. Y and Z need not be identical be- 
fore and after reaction of the respective chemical entity reactive groups. 

Fta.3 illustrates different examples of complementaiy connector polynucleotides 
(CCPN's). 

A.) A CCPN containing an oligonucleotide/polynucleotide sequence, a 

linker and a functional entity carrying one or more reactive groups. The linker may 
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optionally be cleavable and may comprise an oligonucleotide, a natural or unnatural 
peptide or a polyethyleneglycol (PEG), a combination thereof or other linkers gener- 
ally used In organic synthesis, combinatorial chemistry or solid phase synthesis. 

» 

5 B.) Similar to A with a different positioning of the reactive group. 

C. ) A combination of type A and type B. 

D. ) This CCPN only contains a reactive group and not a functional entity in 
1 0 the sense of types A, B and C. 

E. ) A spacer CCPN without functional entity* 

Fig. 4 illustrates a further set of examples of CCPN's, wherein the linker maybe 
1 5 placed at one end of the polynucleotide sequence. In examples E. and F. the 

CCPN's neither carries a functional entity nor a reactive group. In example E. the 
CCPN may be capable of self association e.g. through complementary nucleotide 
sequences, whereby hybridization can occur. In example F., part of the CCPN loops 
out upon association such as e.g. hybridization with a CPN. In this example no self 
20 association occurs. 

Fig. 5 illustrates the principle of a zipperbox. The zipperbox is a region optionally 
comprising an oligonucleotide sequence where said region is capable of hybridizing 
to another zipperbox. wherein this second zipperbox optionally comprises an oligo- 

25 nucleotide sequence complementary to the first zipperbox. The zipperbox may be 
situated on a CPN or a CCPN. Upon hybridization of two zipperboxes, the proximity 
between functional entity reactive groups increases, whereby the reaction is en- 
hanced. By operating at a temperature that allows transient interaction of comple- 
mentary zipperboxes, functional entity reactive groups are brought into close prox- 

30 imity during multiple annealing events, which has the effect of reactive groups in 
close proximity in a larger fraction of the time than otherwise achievable. Alterna- 
tively, one may cycle the temperature between a low temperature (where the zipper 
boxes pairwise interacts stably), and a higher temperature (where the zipper boxes 
are apart, but where the CCPN/CPN complex remains stable. By cycling between 

35 the high and low temperature several times, a given reactive group is exposed to 



• 
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several reactive groups, and eventually will react to form a bond between two func- 
tion entities through their reactive groups. 

Fig. 6 Illustrates reaction types allowing simultaneous reaction and linker cleav- 
age.Different classes of reactions are shown which mediate translocation of a func- 
tional group from one CCPN (or CPN (not illustrated)) to another, or to an anchor- 
age CCPN. The reactions illustrated are compatible with simultaneous reaction and 
linker cleavage, /.e. one functional entity is transferred (translocated) directly from 
one CCPN (or CPN (not illustrated)) onto another CCPN (or CPN (not illustrated)) 
without the need of subsequent end separate linker deavage through the application 
of further new conditions allowing for such. 

(A) Reaction of nucleophiles with carbonyls. As a result of the nucleophilic sub- 
stitution, the functional group (entity) R is translocated to the CCPN initially 
carrying the nucleophile. 

(B) Nucleophilic attack by the amine on the thioester leads to formation of an 
amide bond, in effect translocating the functional group R of the thioester to 
the other CCPN. 

(C) Reaction between hydrazine and p-ketoester leads to formation of pyra- 
zolone, in effect translocating the R and R' functional groups to the other 
CCPN. 

(D) Reaction of hydroxylamine with p-ketoester leads to formation of the isox- 
azolone, thereby translocating the R and R' groups to the other CCPN. 

(E) Reaction of thiourea with p-ketoester leads to formation of the pyrimidine, 
thereby translocating the R and R* groups to the other CCPN. 

(F) Reaction of urea with malonate leads to formation of pyrimidine, thereby 
translocating the R group to the other CCPN. 

(G) Depending on whether 2 ■ O or Z = NH, a Heck reaction followed by a nu- 
cleophilic substitution leads to formation of coumarin or quinolinon, thereby 
translocating the R and R* groups to the other CCPN, 

(H) Reaction of hydrazine and phthalimldes leads to formation of phthalhy- 
drazide, thereby translocating the R and R' groups to the other CCPN. 

(I) Reaction of amino acid esters leads to formation of diketopiperazine, 
thereby translocating the R group to the other CCPN. 
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(J) Reaction of urea with a-substituted esters leads to formation of hydantoin, 
and translocation of the R and R* groups to the other CCPN. 

(K) Alkylation may be achieved by reaction of various nucleophiles with sul- 
fonates. This translocates the functional groups R and R' to the other 
CCPN. 

(L) Reaction of a di-activated alkene containing an electron withdrawing and a 
leaving group, whereby the alkene is translocated to the nucleophile carrying 
CCPN. 

(M) Reaction of disulfide with mercaptane leads to formation of a disulfide, 
thereby translocating the R' group to the other CCPN. 

(N) Reaction of amino acid esters and amino ketones leads to formation of ben- 
zodiazepine, thereby translocating the R group to the other CCPN. 

(O) Reaction of phosphonium salts with aldehydes or ketones leads to formation 
of substituted alkenes, thereby translocating the R" group to the other 
CCPN. 

(P) Reaction of phosphonates with aldehydes or ketones leads to formation of 
substituted alkenes, thereby translocating the R" group to the other CCPN. 

(Q) The principle of translocation of e.g. aryl groups from one CCPN to another 
CCPN. 

(R) Reaction of boronates with aryls or heteroaryls results in transfer of an aryl 

group to the other CCPN (to form a biaryl). 
(S) Reaction arylsulfonates with aryl groups bound as Boron derivatives leads to 

transfer of the aryl group. 
(T) Biaryl formation through translocation of one aryl group to another CCPN. 
(U) Arylamine formation (e.g. Hartwig/Buchwald type of chemistry) through N- 

arylation, /.a transfer of aryl groups to CCPN's carrying amino groups. 
(V) As U using hypervalent iodonium derivatives. 
(W) (Omitted) 

(X) Reaction of boronates with vinyls (or alkynes) results in transfer of an aryl 
group to the other CCPN to form a vinylarene (or alkynylarene). 

(Y) Reaction between aliphatic boronates and arylhalides, whereby the alkyl 
group is translocated to yield an alkylarene. 

(Z) Transition metal catalysed alpha-alkylation through reaction between an 
enolether and an arylhallide, thereby translocating the aliphatic part. 
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(AA) Condensations between e.g. enamines or enolethers with aldehydes 
leading to formation of alpha-hydroxy cartoonyls or alpha,beta-unsaturated car- 
bonyls. The reaction translocates the nucleophilic part. 

(AB) Alkylatlon of alkylhalides by e.g. enamines or enolethers. The reaction 
translocates the nucleophilic part, 

(AC) [2+4] cycloadditions, translocating the diene-part 

(AD) [2+4] cycloadditions, translocating the ene-part. 

(AE) [3+2] cycloadditions between azides and alkenes, leading to triazoles by 
translocation of the ene-part. 

( AF ) [3 +2 j cycloadditions between nitriloxides and alkenes, leading to isox- 
azoles by translocation of the ene-part. 

Fig. 7 illustrates pairs of reactive groups (X) and (Y), and the resulting bond (XY). 

* 

A collection of reactive groups and functional entity reactive groups that may be 
used for the synthesis of molecules are shown, along with the bonds formed upon 
their reaction. After reaction, linker cleavage may be applied to release one of the 
functional entities, whereby the transfer of one functional entity from one CCPN to 
another is effectuated. 

Fig. 8 illustrates cleavable linkers. The composition of the linker may be include de- 
rivatives of the following, but is not limited hereto: 
Carbohydrides and substituted carbohydrides 
Vinyl, polyvinyl and substituted polyvinyl 
Acetylene, polyacetylene 

Aryl/Hetaryl, polyarylmetaryl and substituted polyaryl/polyhetaryl 
Ethers, polyethers such as e.g. polyethyleneglycol and substituted polyethers 
Amines, polyamfnes and substituted polyamines 

Double stranded, single stranded or partially double or single stranded natural 
and unnatural polynucleotides and substituted double stranded, single stranded 
or partially double stranded natural and unnatural polynucleotides such as but 
limited to DNA, RNA, LNA. PNA, TNA 

Polyamides and natural and unnatural polypeptides and substituted polyamides 
and natural and unnatural polypeptides 
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• Phosphate containing linkers 

• Any combination of the above 

Linkers may be cleavable or non-cleavable. The figure illustrates cleavable linkers, 
condition^ for their cleavage, and the resulting products are shown. 

Different examples of the formation of CCPN's carrying functional entities. Reactions 
and reagents are shown that may be used for the coupling of functional entities to 
modified oligonucleotides (modified with thiol, carboxylic acid, halide, or amine), 
without significant reaction with the unmodified part of the oligonucleotide or alterna- 
tively, connective reactions for linkage of linkers to complementing elements. Com- 
mercially, mononucleotides are available for the production of starting oligonucleo- 
tides with the modifications mentioned. 

Detailed description of the invention • 

Below is described further embodiments of the methods of the invention for synthe- 
sising at one or more molecules. The below embodiments are concerned exclusively 
with the provision of different types of hybridisation complexes comprising a plurality 
of CPNs (connector oligonucleotides) hybridised to a plurality of CCPNs (building 
block oligonucleotides comprising one or more chemical entities the reaction of 
which is involved in the formation of the molecule to be synthesised). 

It is to be understood that in a further step of the methods of the invention, following 
the formation of a hybridisation complex comprising connector oligonucleotides and 
buidling block oligonucleotides as described in detail herein below, the building 
block oligonucleotides are ligated or otherwise covalently linked, and the ligated 
building block oligonucleotides are separated from optionally ligated connector oli- 
gonucleotides. 

The below non-exhaustive examples and embodiments specify some of the possi- 
bilities for providing CPNs (connector oligonucleotides) and CCPNs (building block 
oligonucleotides) and forming hybridisation complexes comprising a plurality of 
CPNs (connector oligonucleotides) hybridised to a plurality of CCPNs (building block 
oligonucleotides). It will be understood that all or only some of the CPNs (connector 
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oligonucleotides) and CCPNs (building block oligonucleotides) provided can com- 
prise a polynucleotide part linked to a chemical entity. For all of the below embodi- 
ments, the at least one molecule is generated by reacting reactants positioned on 
separate CPNs (connector oligonucleotides) and/or separate CCPNs (building block 
oligonucleotides) prior to the formation of the at least one molecule. 

Although most of the disclosed embodiments herein below illustrate chemical enti- 
ties linked to an identifier oligonucleotide of a building block (CCPN) and hybridised 
to one or more connector oligonucleotides (CPNs) prior to said building block indeti- 
fier oligonucleotides being ligated, the invention is not limited to this single embodi- 
ment, However, for the sake of illustrating the principle of the methods of the inven- 
tion, the below examples employ building blocks wherein a chemical entity is linked 
to an identifier oligonucleotide, and connector oligonucleotides capable of hybridis- 
ing to the building block identifier oligonucleotides and bringing the chemical entities 
into reactive proximity. 

Although not illustrated in the following schemes, at least one connector oligonu- 
cleotide or at least one building block oligonucleotide can be immobilised, i.e. at- 
tached to a solid support, such as a polymer bead. This feature enables easy sepa- 
ration of the identifier polynucleotide (obtained from ligation of building block oligo- 
nucleotides) from optionally ligated connector oligonucleotides. This is illustrated in 
principle in Figs. 1 and 2. 

In one embodiment, at least n connector oligonucleotides and at least n building 
block oligonucleotides are provided, n being an integer of preferably from 3 to 6, and 
at least n-1 building block oligonucleotides hybridize to at least 2 connector oligonu- 
cleotides. There is also provided a method wherein n building block oligonucleotides 
hybridize to at least 2 connector oligonucleotides, n can thus be 3 or 4 or 5 or 6. In 
other embodiments, n can be more than 6, such as 7 or 8, for example 9 or 10, such 
as 1 1 or 12, for example 13 or 14, such as 15 or 16, for example 17 or 1 8, such as 
19 or 20, for example 21 or 22, such as 23 or 24, for example 25 or 26, such as 27 
or 28, for example'29 or 30, such as 31 or 32, for example 33 or 34, such as 35 or 
36, for example 37 or 38, such as 39 or 40, for example 41 or 42, such as 43 or 44, 
for example 45 or 46, such as 47 or 48, for example 49 or 50. 
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In yet another embodiment, at least n connector oligonucleotides and at least n+1 
complementary connector oligonucleotides are provided, n being an integer of pref- 
erably from 3 to 6, and at least n-1 building block oligonucleotides hybridize to at 
least 2 connector oligonucleotides. It is also possible that n building block oligonu- 
cleotides hybridize to at least 2 connector oligonucleotides, n can thus be 3 or 4 or S 
or 6. In other embodiments, n can be more than 6, such as 7 or 8, for example g or 
10, such as 11 or 12, for example 13 or 14, such as 15 or 16. for example 17 or 18, 
such as 19 or 20, for example 21 or 22, such as 23 or 24, for example 25 or 26, 
such as 27 or 28, for example 29 or 30, such as 31 or 32, for example 33 or 34, 
such as 35 or 36. for example 37 or 38, such as 39 or 40, for example 41 or 42, 
such as 43 or 44. for example 45 or 46, such as 47 or 48. for example 49 or 50. 
There is also provided a method wherein n building block oligonucleotides hybridize 
to at least 2 connector oligonucleotides. 

In a still further embodiment, at least n connector oligonucleotides and at least n+2 
complementary connector oligonucleotides are provided, n being an integer of pref- 
erably from 3 to 6, and at least n-1 building block oligonucleotides hybridize to at 
least 2 connector oligonucleotides. It is also possible for n building block oligonu- 
cleotides to hybridize to at least 2 connector oligonucleotides, n can thus be 3 or 4 
or 5 or 6. In other embodiments, n can be more than 6, such as 7 or 8, for example 
g or 10. such as 1 1 or 1 2. for example 13 or 14, such as 15 or 16. for example 17 or 
18, such as 19 or 20. for example 21 or 22. such as 23 or 24, for example 25 or 26. 
such as 27 or 28. for example 29 or 30. such as 31 or 32. for example 33 or 34. 
such as 35 or 36. for example 37 or 38, such as 39 or 40, for example 41 or 42. 
such as 43 or 44, for example 45 or 46, such as 47 or 48. for example 49 or 50. 

In yet another embodiment, al least n connector oligonucleotides and at least n+3 
complementary connector oligonucleotides are provided, n being an integer of pref- 
erably from 3 to 6. and at least n-1 building block oligonucleotides hybridize to at 
least 2 connector oligonucleotides. It is also possible for n building block oligonu- 
cleotides to hybridize to at least 2 connector oligonucleotides, n can thus be 3 or 4 
or 5 or 6. In other embodiments, n can be more than 6, such as 7 or 8. for example 
9 or 10, such as 11 or 12. for example 13 or 14, such as 15 or 16, for example 17 or 
18, such as 19 or 20, for example 21 or 22, such as 23 or 24. for example 25 or 26, 
such as 27 or 28, for example 29 or 30, such as 31 or 32, for example 33 or 34, 
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such as 35 or 36, for example 37 or 38, such as 39 or 40, for example 41 or 42, 
such as 43 or 44, for example 45 or 46, such as 47 or 48, for example 49 or 50. 

fn a further embodiment at least n connector oligonucleotides and at least n+4 com- 
plementary connector oligonucleotides are provided, n being an integer of from 
preferably 3 to 6, and at least n-1 building block oligonucleotides hybridize to at least 
2 connector oligonucleotides. It is also possible for n building block oligonucleotides 
to hybridize to at least 2 connector oligonucleotides, n can thus be 3 or 4 or 5 or 6. 
In other embodiments, n can be more than 6, such as 7 or 8, for example 9 or 10, 
such as 11 or 12, for example 13 or 14, such as 15 or 16, for example 17 or 18, 
such as 19 or 20, for example 21 or 22, such as 23 or 24, for example 25 or 26, 
such as 27 or 28, for example 29 or 30, such as 31 or 32, for example 33 or 34, 
such as 35 or 36, for example 37 or 38, such as 39 or 40, for example 41 or 42, 
such as 43 or 44, for example 45 or 46, such as 47 or 48, for example 49 or 50. 

In still further embodiments, there is provided methods wherein n connector oligonu- 
cleotides and at least n+5, such as at least n+6, for example n+7, such as at least 
n+8, for example n+9, such as at least n+10, for example n+1 1 , such as at least 
n+12, for example at least n+13, such as n+14, for example at least n+15, such as 
n+16, for example at least n+17, such as n+18, for example at least n+19, such as 
n+20, for example at least n+21 , such as at least n+22, for example n+23, such as 
at least n+24, for example n+25 complementary connector oligonucleotides are pro- 
vided, n being an Integer of preferably from 3 to 6, and at least n-1 or n building 
block oligonucleotides hybridize to at least 2 connector oligonucleotides, n can also 
be more than 6, such as e.g. such as 7 or 8, for example 9 or 10, such as 11 or 12, 
for example 13 or 14, such as 15 or 16, for example 17 or 18, such as 19 or 20, for 
example 21 or 22, such as 23 or 24, for example 25 or 26, such as 27 or 28, for ex- 
ample 29 or 30, such as 31 or 32, for example 33 or 34, such as 35 or 36, for exam- 
ple 37 or 38, such as 39 or 40, for example 41 or 42, such as 43 or 44, for example 
45 or 46, such as 47 or 48, for example 49 or 50. 

In all of the above-mentioned methods it is furthermore possible for any plurality of 
building block oligonucleotides to hybridise to a single connector oligonucleotide of a 
supramolecular complex. Any plurality can be e.g., but not limited to, 2 or 3, for ex- 
ample 4 or 5 or 6, such as 7 or 8, for example 9 or 10, such as 1 1 or 12, for example 



23 

13 or 14, such as 15 or 16, for example 17 or 18, such as 19 or 20, for example 21 
or 22, such as 23 or 24, for example 25 or 26, such as 27 or 28, for example 29 or 
30, such as 31 or 32, for example 33 or 34, such as 35 or 36, for example 37 or 38, 
such as 39 or 40, for example 41 or 42, such as 43 or 44, for example 45 or 46, 
such as 47 or 48, for example 49 or 50. 

More than one single connector oligonucleotide can be hybridized to the above plu- 
rality of building block oligonucleotides, such as 2 single connector oligonucleotides, 
for example 3 or 4 single connector oligonucleotides, such as 5 or 6 single connec- 
tor oligonucleotides, for example 7 or 8 single connector oligonucleotides, such as 9 
or 10 single connector oligonucleotides, for example 11 or 12 single connector oli- 
gonucleotides, such as 13 or 14 single connector oligonucleotides, for example 15 
or 16 single connector oligonucleotides, such as 17 or 18 single connector oligonu- 
cleotides, for example 19 or 20 single connector oligonucleotides. 

The plurality of connector oligonucleotides provided can comprise linear and/or 
branched connector oligonucleotides. In one embodiment, the plurality of connector 
oligonucleotides comprise at least n branched connector oligonucleotides and at 
least n building block oligonucleotides, n being an integer of preferably from 2 to 6. 
and wherein at least n-1 building block oligonucleotide hybridize to at least 2 
branched connector oligonucleotides. In other embodiments there is provided at 
least n+1 building block oligonucleotides. Also, it is possible for at least n such as 
n+1 building block oligonucleotides to hybridize to at least 2 branched connector 
oligonucleotides, n can thus be 3 or 4 or 5 or 6. In other embodiments, n can be 
more than 6, such as 7 or 8, for example 9 or 10, such as 11 or 12, for example 13 
or 14, such as 15 or 16, for example 17 or 18, such as 19 or 20, for example 21 or 
22, such as 23 or 24, for example 25 or 26, such as 27 or 28, for example 29 or 30, 
such as 31 or 32, for example 33 or 34, such as 35 or 36, for example 37 or 38, 
such as 39 or 40, for example 41 or 42, such as 43 or 44, for example 45 or 46, 
such as 47 or 48, for example 49 or 50. 

In one embodiment, a molecule of the invention is formed when chemical entities, or 
parts thereof, are transferred from donor building block oligonucleotides to an ac- 
ceptor building block oligonucleotide. Accordingly, one or more reactive group(s) of 
at least 1 chemical entity of a building block oligonucleotide react with one or more 
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reactive group(s) of at least 1 chemical entity of at least 1 other building block oligo- 
nucleotide. The at least 1 chemical entity preferably comprise from 1 to 6 reactive 
groups, such as e.g. 2 or 3 or 4 or 5 reactive groups. 

In one preferred embodiment, at least 3 reactive groups of at least 1 chemical entity 
react with at least 1 reactive group of at least 3 other chemical entities. The mole- 
cule can ultimately be generated on an acceptor building block oligonucleotide by 
covatently linking chemical entities, or a part thereof, donated by one or more indi- 
vidual building block oligonucleotides (CCPNs (building block oligonucleotides)) 
each comprising at least one chemical entity, such as 2 or 3 CCPNs (building block 
oligonucleotides), for example 4 or 5 CCPNs (building block oligonucleotides), such 
as 6 or 7 CCPNs (building block oligonucleotides), for example 8 or 9 CCPNs 
(building block oligonucleotides), such as 10 or 11 CCPNs (building block oligonu- 
cleotides), for example 12 or 13 CCPNs (building block oligonucleotides), such as 
14 or 15 CCPNs (building block oligonucleotides), for example 16 or 17 CCPNs 
(building block oligonucleotides), such as 18 or 19 CCPNs (building block oligonu- 
cleotides), for example 20 or 21 CCPNs (building block oligonucleotides), such as 
22 or 23 CCPNs (building block oligonucleotides), for example 24 or 25 CCPNs 
(building block oligonucleotides). 

The plurality of building block oligonucleotides preferably comprise at least 2 build- 
ing block oligonucleotides (CCPNs (building block oligonucleotides)) which are non- 
identical, such as 10 CCPNs (building block oligonucleotides), for example 50 
CCPNs (building block oligonucleotides), such as 1000 CCPNs (building block oli- 
gonucleotides), for example 10000 CCPNs (building block oligonucleotides), such 
as 100000 CCPNs (building block oligonucleotides) which are non-ldentlcal. 

In one embodiment there is provided a method wherein said plurality of building 
block oligonucleotides comprise at least 2 branched building block oligonucleotides. 

The plurality of connector oligonucleotides preferably comprise connector oligonu- 
cleotides comprising a sequence of n nucleotides, wherein n is an integer of from 8 
to preferably less than 400, such as 300, for example 200, such as 100. for example 
50, such as 40. for example 30. The plurality of connector oligonucleotides can fur- 
ther comprise connector oligonucleotides comprising at least 1 branching point con 
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necting at least three polynucleotide fragments comprising a sequence of n nucleo- 
tides, wherein n is an integer of from 8 to preferably less than 400, such as 300, for 
example 200, such as 100, for example 50, such as 40, for example 30. 

In some embodiments of the invention connector oligonucleotides can be selected 
from the group consisting of 

a) connector oligonucleotides comprising at least 1 chemical entity 
comprising at least 1 reactive group, 

b) connector oligonucleotides comprising at least 1 reactive group, 

c) connector oligonucleotides comprising at least 1 spacer region, 

The plurality of building block oligonucleotides can comprise oligonucleotides com- 
prising a sequence of n nucleotides, wherein n is an integer of from 8 to preferably 
less than 400, such as 300, for example 200, such as 100, for example 50, such as 
40, for example 30. The plurality of building block oligonucleotides can further com- 
prise polynucleotides comprising at least 1 branching point connecting at least three 
polynucleotide fragments comprising a sequence of n nucleotides, wherein n is an 
integer of from 8 to preferably less than 400, such as 300, for example 200, such as 
100, for example 50, such as 40, for example 30. 

In another aspect of the invention there is provided a method for syntheslsing a plu- 
rality of different molecules, said method comprising the steps of performing any of 
the methods described herein above for each different molecule being synthesised. 

Further steps in the method for synthesising a plurality of different molecules are 
provided herein below. One further step comprises selecting molecules - or Afunc- 
tional complexes comprising molecules - having desirable characteristics, wherein 
the selection employs a predetermined assaying procedure. 

Another further step is amplifying at least part of the individual connector oligonu- 
cleotides used for the synthesis of a selected molecule. Yet another further step is 
contacting a population of said amplified connector oligonucleotides, or fragments 
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thereof, with a plurality of building block oligonucleotides for a further round synthe- 
sis. Accordingly, it is possible to perform one ore more additional synthesis rounds 
by carrying out the steps of the method using a population of said amplified con- 
nector oligonucleotides or a population of said amplified connector oligonucleotide 
fragments. 

Molecules capable of being synthesised by the methods of the present Invention 
include, but is not limited to molecules comprising a linear sequence of chemical 
entities and branched molecules comprising a branched sequence of chemical 
entities. Molecules comprising a cyclic sequence of chemical entities can also be 
provided. 

Yet another example of a molecule capable of being synthesised is an oligomer or a 
polymer comprising at least one repetitive sequence of chemical entities. In one 
embodiment, the sequence of at least three chemical entities is preferably repeated 
at least twice in the molecule, in another embodiment any sequence of at least three 
chemical entities in the molecule occurs only once. 

Preferred molecules comprise or essentially consists of amino acids selected from 
the group consisting of a-amino acids, p-amino acids, y-amino acids, a>-amino acids, 
natural amino acid residues, monosubstituted a-amino acids, disubstituted a-amino 
acids, monosubstituted p-amino acids, disubstituted p-amino acids, trisubstituted p- 
amino acids, and tetrasubstituted p-amino acids. 

The backbone structure of said p-amino acids preferably comprises or essentially 
consists of a cyclohexane-backbone and/or a cyclopentane-backbone. 

Other preferred classes of molecules are molecule comprising or essentially 
consisting of vinylogous amino acids, and molecule comprises or essentially 
consists of IM-substituted glycines. 

Further preferred molecules comprise or essentially consist of a-peptides, p- 
peptides, y-peptides/co-peptides, mono-, di- and tri-substituted a-peptides, p- 
peptides, y-peptides, ^peptides, peptides wherein the amino acid residues are in 
the L-form or in the D-form, vinylogous polypeptides, glycopoly-peptides, polyam 
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ides, vinylogous sulfonamide peptide, polysulfonamlde, conjugated peptides com- 
prising e.g. prosthetic groups, polyesters, polysaccharides, polycarbamates, poly- 
carbonates, polyureas, polypeptidylphosphonates, polyurethanes, azatides, oligo N- 
substituted glycines, polyethers, ethoxyformacetal oligomers, poly-thioethers, poly- 
ethylene glycols (PEG), polyethylenes, polydisulfides, polyarylene sulfides, polynu- 
cleotides, PNAs, LNAs, morpholinos, oligo pyrrolinone, polyoximes, polyimines, 
polyethyleneimines, polyimides, polyacetals, polyacetates, polystyrenes, polyvinyl, 
lipids, phospholipids, glycolipids, polycyclic compounds comprising e.g. aliphatic or 
aromatic cycles, including polyheterocycHc compounds, proteoglycans, and polysi- 
loxanes, inlcuding any combination thereof. 

Yet further preferred molecules comprise or essentially consist of a-peptides, 0- 
peptides, y-peptides, o-peptides, mono-, dt- and tri-substituted a-peptides, (3- 
peptides, y-peptides, co-peptides, peptides wherein the amino acid residues are in 
the L-form or in the D-form, vinylogous polypeptides, gtycopoly-peptides, polyam- 
ides, vinylogous sulfonamide peptides, polysulfonamides, conjugated peptides com- 
prising e.g. prosthetic groups, polyesters, polysaccharides, polycarbamates, poly- 
carbonates, polyureas, polypeptidylphosphonates, polyurethanes, azatides, oligo N- 
substituted glycines, polyethers, ethoxyformacetal oligomers, poly-thioethers, poly- 
ethylene glycols (PEG), polyethylenes, polydisulfides, polyarylene sulfides, polynu- 
cleotides, PNAs, LNAs, morpholinos, oligo pyrrolinones, polyoximes, polyimines, 
polyethyleneimines, polyimides, polyacetals, polyacetates, polystyrenes, polyvinyl, 
lipids, phospholipids, glycolipids, polycyclic compounds comprising e.g. aliphatic or 
aromatic cycles, including polyheterocyclic compounds, proteoglycans, and polysi- 
loxanes, 

and wherein the plurality of chemical entities reacted is preferably from 2 to 200, for 
example from 2 to 100, such as from 2 to 80, for example from 2 to 60, such as from 
2 to 40, for example from 2 to 30, such as from 2 to 20, for example from 2 to 15, 
such as from 2 to 10, such as from 2 to 8, for example from 2 to 6, such as from 2 to 
4, for example 2, such as from 3 to 100, for example from 3 to 80, such as from 3 to 
60, such as from 3 to 40, for example from 3 to 30, such as from 3 to 20, such as 
from 3 to 15, for example from 3 to 15, such as from 3 to 10, such as from 3 to 8, for 
example from 3 to 6, such as from 3 to 4, for example 3, such as from 4 to 100, for 
example from 4 to 80, such as from 4 to 60, such as from 4 to 40, for example from 
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4 to 30 r such as from 4 to 20, such as from 4 to 1 5, for example from 4 to 10, such 
as from 4 to 8, such as from 4 to 6 t for example 4, for example from 5 to 100, such 
as from 5 to 80, for example from 5 to 60, such as from 5 to 40, for example from 5 
to 30, such as from 5 to 20, for example from 5 to 15, such as from 5 to 10, such as 
from 5 to 8, for example from 5 to 6, for example 5, such as from 6 to 100, for ex- 
ample from 6 to 80, such as from 6 to 60, such as from 6 to 40, for example from 6 
to 30, such as from 6 to 20, such as from 6 to 15, for example from 6 to 10, such as 
from 6 to 8, such as 6, for example from 7 to 100, such as from 7 to 80, for example 
from 7 to 60, such as from 7 to 40, for example from 7 to 30, such as from 7 to 20, 
for example from 7 to 15, such as from 7 to 10, such as from 7 to 8, for example 7, 
for example from 8 to 100, such as from 8 to 80, for example from 8 to 60, such as 
from 8 to 40, for example from 8 to 30, such as from 8 to 20, for example from 8 to 
15, such as from 8 to 10, such as 8, for example 9, for example from 10 to 100, such 
as from 10 to 80, for example from 10 to 60, such as from 10 to 40, for example 
from 10 to 30, such as from 10 to 20, for example from 10 to 15, such as from 10 to 
12. such as 10, for example from 12 to 100, such as from 12 to 80, for example from 
12 to 60, such as from 12 to 40, for example from 12 to 30, such as from 12 to 20, 
for example from 12 to 15, such as from 14 to 100, such as from 14 to 80, for exam- 
ple from 14 to 60, such as from 14 to 40, for example from 14 to 30, such as from 14 
to 20, for example from 14 to 16, such as from 16 to 100, such as from 16 to 80, for 
example from 16 to 60, such as from 16 to 40, for example from 16 to 30, such as 
from 16 to 20, such as from 18 to 100, such as from 18 to 80, for example from 18 to 
60, such as from 18 to 40, for example from 18 to 30, such as from 18 to 20, for ex- 
ample from 20 to 100, such as from 20 to 80, for example from 20 to 60, such as 
from 20 to 40, for example from 20 to 30, such as from 20 to 25, for example from 
22 to 100, such as from 22 to 80, for example from 22 to 60, such as from 22 to 40, 
for example from 22 to 30, such as from 22 to 25, for example from 25 to 100, such 
as from 25 to 80, for example from 25 to 60, such as from 25 to 40, for example 
from 25 to 30, such as from 30 to 100, for example from 30 to 80, such as from 30 to 
60, for example from 30 to 40, such as from 30 to 35, for example from 35 to 100, 
such as from 35 to 80, for example from 35 to 60, such as from 35 to 40, for exam- 
ple from 40 to 100, such as from 40 to 80, for example from 40 to 60, such as from 
40 to 50, for example from 40 to 45, such as from 45 to 100, for example from 45 to 
80, such as from 45 to 60, for example from 45 to 50, such as from 50 to 100, for 
example from 50 to 80, such as from 50 to 60, for example from 50 to 55, such as 
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from 60 to 100, for example from 60 to 80, such as from 60 to 70, for example from 
70 to 100, such as from 70 to 90, for example from 70 to 80, such as from 80 to 100, 
for example from 80 to 90, such as from 90 to 100. 

Molecular weights of the molecules to be syntheslsed in accordance with the pres- 
ent invention are preferably "small molecules*, i.e. molecules preferably having a 
molecular weight (MW) of less than 10000 Daltons, such as less than 8000 Daltons, 
for example less than 6000 Daltons, such as less than 5000 Daltons, for example 
less than 4000 Daltons, for example less than 3500 Daltons, such as less than 3000 
Daltons, for example less than 2500 Daltons, for example less than 2000 Daltons, 
such as less than 1800 Daltons, for example less than 1600 Daltons, for example 
less than 1400 Daltons, such as less than 1200 Daltons, for example less than 1000 
Daltons. 

The chemical entities of the above molecules can be linked by a chemical bond se- 
lected from the group of chemical bonds consisting of peptide bonds, sulfonamide 
bonds, ester bonds, saccharide bonds, carbamate bonds, carbonate bonds, urea 
bonds, phosphonate bonds,urethane bonds, azatide bonds, peptoid bonds, ether 
bonds, ethoxy bonds, thioether bonds, single carbon bonds, double carbon bonds, 
triple carbon bonds, disulfide bonds, sulfide bonds, phosphodiester bonds, oxlme 
bonds, imine bonds, imide bonds, Including any combination thereof. 

In one embodiment the chemical bond linking at least some of the chemical entities 
of the molecule is preferably formed by a reaction of a nucleophite group of a first 
chemical entity with an ester or thioester of another chemical entity. The linker of the 
chemical entity bearing the thioester group is preferably cleaved simultaneously with 
the formation of the bond resulting in a transfer of the chemical entity or a part 
thereof to the nucleophilic chemical entity. The nucleophile group is preferably se- 
lected from -NH 2 , H 2 NHN- f HOHN-, H 2 N-C(0)-NH-. 

The backbone structure of a molecule synthesised by the methods of the present 
invention can comprises or essentially consists of one or more molecular group(s) 
selected from -IMHN(R)CO- ; -NHB(R)CO- ; -NHC(RR')CO~ ; -NHC(=CHR)CO- ; - 
NHC 6 H< CO-; -NHCH 2 CHRCO-; -NHCHRCH 2 CO- ; -COCH 2 - I -COS- ; -CONR- ; - 
COO- ; -CSNH- ; -CH 2 NH- ; -CH 2 CH 2 - : -CH 2 S- ; -CH 2 SO- ; -CH 2 S0 2 -; - 
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CH(CH 3 )S- ; -CH=CH- ; -NHCO- ; -NHCONH- ; -CONHO- ; -C( =CH 2 )CH 2 - ; -POjf 
NH- ; -PO z CH 2 - ; -P0 2 CH 2 N*- ; -S0 2 NH'- ; and lactams. 

In accordance with the present invention it is possible to generate a composition 
comprising a plurality of more than or about 10 3 different molecules, such as more 
than or about 10 4 different molecules, for example more than or about 10 5 different 
molecules, such as more than or about to 6 different molecules, for example more 
than or about 10 7 different molecules, such as more than or about 10 8 different 
molecules, for example more than or about 10 9 different molecules, such as more 
than or about 10 10 different molecules, for example more than or about 10 11 different 
molecules, such as more than or about 10 12 different molecules, for example more 
than or about 10 13 different molecules, such as more than or about 10 14 different 
molecules, for example more than or about 10 15 different molecules, such as more 
than or about 10 1B different molecules, for example more than or about 10 17 different 
molecules, such as more than or about 10 18 different molecules. 

The molecules can be targeted to a potential binding partner while still bound to the 
identifier polynucleotide of the bifunctional complex, or the molecules can be 
cleaved from the identifier polynucleotide to which they are bound following their 
synthesis. When targeted to a potential binding partner, the present invention also 
pertains to bifunctional complexes further comprising a binding partner having an 
affinity for the molecule of the bifunctional complex. Such binding partners can be 
e.g. any molecule including molecules selected from the group consisting of DNA, 
RNA, antibody, peptide, or protein, or derivatives thereof. 

The below sections describe in further detail selected embodiments and different 
modes for carrying out the present invention. Focus is on the formation of hybridisa- 
tion complexes formed between a plurality of building blocks (one or more chemical 
entities linked to an oligonucleotide), also termed CCPN's, and one or more con- 
nector polynucleotides, also termed CPN's (at least some of which are capable of 
hybridising to two or more building blocks, thereby bringing building block chemical 
entities into reactive proximity). Once the hybridisation complex has been allowed to 
form, the building blocks (CCPN's) are ligated, enzymatically, chemically or other- 
wise, separated from optionally ligated connector building blocks, and the chemical 
entities linked to the oligonucleotide of individual building blicks are reacted. The 



31 

separation can be a disruption of the hydrogen bonds of the hybridisation complex, 
or the separation can be a physical separation into different reaction compartments. 
Physical separation can exploit the linkage of an affinity pair member to the identifier 

polynucleotide formed when ligating the building block oligonucleotides. 

* 

The methods of the present invention allows molecules to be formed through the 
reaction of a plurality of reactants or chemical entities, such as e.g. reactions In- 
volving the formation of bonds between chemical entities /.©. chemical moieties, by 
the reaction of chemical entity reactive groups. The present invention describes the 
use of connector oligonucleotides (CPN's) to bring chemical entities linked to identi- 
fier oligonucleotides of buildinb blocks (CCPN's) in reactive proximity, whereby such 
bond formations are made possible, leading to the synthesis of molecules such as 
e.g. small molecules and polymers. 

In the present invention, the individual chemical moieties/chemical entities may be 
carried by oligonucleotides (CCPN's) capable of annealing to said CPN's. The com- 
bination and reaction of chemical entity reactive groups carried by such comple- 
mentary connectors polynucleotides, will lead to formation of molecules via an initial 
complexation to CPN's. 

Each CPN may bring two or more CCPN's in proximity, whereby reactions between 
functional groups on these CCPN's are made more likely to occur once the CCPn's 
have been ligated and separated from the CPN's. 

Some CCPN's only anneal to one CPN, other CCPN's may anneal to two or more 
CPN's, In one embodiment of the present invention, a CCPN anneals to a CPN, 
which CPN allows the annealing of one further CCPN. This second CCPN may then 
allow the annealing of a second CPN, which may allow annealing of further CCPN's 
and so forth. Hybridization of multiple CCPN's and CPN's may be either sequentially 
or simultaneously in either one or multiple tubes. As such all CCPN's and CPN's 
may be added at once. Alternatively, they may be added sequentially, i.e. e.g. first a 
set of CPN's, then a set of CCPN's followed by a new set of CPN's or visa versa. In 
this sequential setting a handling control of CCPN/CPN-complex self-assembly is 
achieved. Again, chemical entities are reacted only after the CCPN's have been 

■ 

ligated and separated from optionally ligated CPN's. 
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In another embodiment, a set of CCPN's forms complexes A 1 -A n with a set of CPN's 
in one separate compartment e.g. a tube. In other compartments, other sets of 
CCPN's forms complexes B'-B" with a set of CPN's etc. These separately formed 
complexes may be combined and form further new complexes, either directly or 
through further addition of CCPN's or CPN's. This illustrates still another way of a 
handling control of CCPN/CPN-complex self-assembly. The complexes may also be 
brought into reactive proximity with Afunctional complexes made in accordance with 
the present invention, or the identifier polynucleotide of a Afunctional complex can 
be used for the generation of further hybridisation complexes. 

The present invention may be used in the formation of a library of compounds. Each 
member of the library Is assembled by the use of a number of CCPN's, which num- 
ber may be the same or different for different molecules. This will allow the formation 
of a mixed library of molecules assembled from 2 to n chemical moieties/fragments/ 
chemical entities or parts thereof. If such a library, e.g. contains molecules assem- 
bled from 1-7 chemical entities/chemical moieties and 100 different chemical en- 
tity/moiety types exists, the library would theoretically be a mixture of more than 
100 7 molecules. 

In one setting, a CCPN may specify for the annealing of a specific type of CPN, a 
CPN which will specify the annealing of a further specific second CCPN, which 
chemical entity reactive groups are capable of reacting with the chemical entity re- 
active groups of CCPN one. In this setting each CCPN will therefore specify, which 
CCPN it interacts with via the CPN sequence, /.e. which reaction partners) they 
accept/prefer. 

Some CCPN's carrying scaffolds may contain a certain set of functional groups. 
Other CCPN's carry scaffolds with another set of functional groups and still, each 
scaffold carrying CCPN may be combined with other CCPN's, which chemical entity 
reactive groups can react with exactly that scaffold in the presence of a number of 
other types of CCPN's, including e.g. CCPN's which could have reacted but were 
not allowed to react. Further details are described below. This control of cor- 
rect/accepted combinations of chemical entity reactive groups will allow the forma- 
tion of a mixed library of highly branched, semi-branched and linear molecules. 
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The CCPN cross talk may also be used to control the properties of library members. 
E.g. CCPN's carrying large chemical entities may only call for CCPN's carrying 
small chemical entities or CCPN's carrying hydrophilic entities may call for CCPN's 
carrying hydrophilic chemical entities or lipophilic chemical entities depending on 
design. 

As the chemistries applicable, will be increased by the fact, that CCPN's themselves 
ensure correct/accepted chemical entity reaction partners, a much higher number of 
scaffolds will become easily available and may co-exIsL E.g., it may be that derivatl- 
zation of one scaffold can only be performed through the use of one specific set of 
transformation, whereas another scaffold may need another set of transformations. 
Different reactions and different CCPN's will therefore be needed for derivatization 
of each of these scaffolds. This is made possible by the present invention. 

■ 

As the total number of theoretically synthesizable molecules may exceed the num- 
ber of actually synthesized molecules, which can be present In a given tube, shuf- 
fling becomes important to ensure a maximum of tested CCPN combinations. If e.g. 
10" is considered as a potential maximum number of different molecules present in 
a given reaction tube, then by using 1 .000 different CCPN's and allowing formation 
of molecules assembled from the chemical entitles of 6 CCPN's, this number wilt be 
exceeded. Selection ensures that appropriate CPN's will survive, and shuffling will 
ensure that the number of combinations tested will be maximized. 

In one embodiment of the present invention, a CPN-sequence is designed so as to 
anneal to one specific CCPN-sequence. This gives a one-to-one relationship be- 
tween the chemical entity descriptor (e.g. a polynucleotide based codon) and en- 
coded chemical entity. However. Ihe same effect, a specific chemical entity is en- 
coded by specific CPNs (connector oligonucleotides) and CCPNs (building block 
oligonucleotides), can be obtained by having a set of CPN-sequences that anneal to 
a set of CCPN-sequences.' This would then require that identical chemical entities 
are carried by all the CPNs (connector oligonucleotides) or CCPNs (building block 
oligonucleotides) of a set. 
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This kind of "codon-randomization* is sometimes advantageous, for example when 
CPN-sequences and CCPN-sequences are designed so as to allow an expansion of 
the library size at a later stage. If the coding region of e.g. a CPN is 3 nucleotides . 
(providing 64 different codons), but only 16 different chemical entities have been 
prepared, then the CCPNs (building block oligonucleotides) may be grouped into 16' 
groups, for example where the first of the three nucleotide positions is randomized 
(i.e. 4 different CCPN-sequences carry the same functinal entity). A pseudo-one-to- 
one relationship is thus preserved, since the identity of the encoded chemical entity 
can be unambigously identified by identification of the CPN (or CCPN) involved. 

Sometimes scrambling, i.e. one CPN or CCPN sequence specifying more than one 
chemical entity, is advantagous. Likewise, under certain conditions it is advantagous 
to have one CPN or CCPN specify more than one chemical entity. This will, how- 
ever, not lead to a one-to-one or a pseudo-one-to-one relationship. But may be ad- 
vantagous, for example in cases where the recovered (Isolated) entity from a selec- 
tion can be identified through characterization of for example its mass (rather than 
its attached polynucleotide complex), as this will sample a larger chemistry space. 



The present invention may use short oligonucleotides, which are easily available in 
high purity. 

In the assembly of a hybridisation complex, individual CCPN's are brought into re- 
active proximity by one or more CPN's. The functional group composition of each 
chemical entity on the CCPN, determines the shape of the final molecule. Highly 
branched molecules may as such be assembled by transfer (or cross linkage fol- 
lowed by (tinker) cleavage) of chemical entities from multiple mono-functionaBzed 
chemical entities (i.e. comprising one function entity reactive group) of CCPN's (e.g. 
substituent like) to multi-functionalized chemical entities (i.e. comprising multiple 
chemical entity reactive groups) of CCPN's (e.g. scaffolds/anchor like). 

Linear molecules on the other hand, demands that the chemical entity of the an- 
chor/scaffold like CCPN contains less activated functionalization (/.e. fewer chemical 
entity reactive groups), and furthermore that the chemical entity reactive groups of 
substituent like CCPN's reacts with each other. 
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However, in the formation of a library which both contains a mixture of highly 
branched, less branched and linear molecules, it is important to control, that the 
number and type of functional groups capable of reacting with each other match. 
The use of a plurality of CPN's solves this issue, by allowing only specific combina- 
tions of CCPN's in the encoding of each molecule. Each CPN thereby ensures a 
specific match between the number and type of needed reactions. 



Descriptors of 
CCPN1 



Descriptors of 
CCPN2 



Complementary 



1 1 1 1 itSEESas.NXV.V*:::^- 

CPN 

Frameshffi control (may be present or absent) 
aa^ Descriptor for R-gioup on CCPN 1 



Optional descriptor for type and/or number (a.o.) of functional entities on CCPN 1 

Fremeshlft control (may be present or absent) 



Complementary 
hybridizing region 2 



mm Descriptor for R-group on CCPN 2 

optional descriptor for type end/or number (a.o.) of functional entitles on CCPN 2 



Spacer (may be present or absent) 



The exact position of domain types may be varied as appropriate. 

in the formation of a hybridisation complex, a plurality of CPN's is used. In the gen- 
eration of a library of molecules, each molecule will be assembled through the use 
of Individual combinations of CPN's. A library of molecules may be prepared as indt- 
vidually separated compounds or as a mixture of compounds. Each set of CPN's will 
contain variable polynucleotide regions In the domains for the descriptors for re- 
groups, and each of these variable polynucleotide regions may be combined with 
different combinations of CCPN annealing capabilities. Similarly. CCPN's may. In 
their hybridizing domains, specify/signal the need for specific reaction partners. 
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Similarly, may CCPN's, in their hybridizing domains specify/signal the need for spe 
cific reaction partners. 



Functional Entity 



Functional Entity 



mi 



CCPN containing one hy- 
bridizing region 



It 1 1 1 1 • 



CCPN containing two 
hybridizing regions 



Descriptor for subsUtuent or scaffotd type (a.o.) -CCPN compo- 

linn Optional call or answer region - slgnaterirtg In which context this CCPN is allowed 
v\\n\^ optional call or answer repjon - eipnaferinp ui which context this CCPN Is allowed 
Linker 



The invention is illustrated by the following example: An anchor/scaffold CCPN car- 
ries e.g. two functional groups X and Y in the chemical entity. It therefore signals the 
call for X and Y partners. The first substituent like CCPN carries only a functional 
group X and answers by signaling this, as it furthermore calls for a substituent like 
CCPN carrying chemical entity reactive group Y. These w callstenswers M are medi- 
ated via the CPN, without which these two CCPN's would not be brought in proxim- 
ity and allowed to react. 

The second substituent like CCPN answers the call for a chemical entity reactive 
group Y, but since this CCPN also carries a chemical entity reactive group Z, it calls 
for that. The third substituent like CCPN answers the call for a chemical entity reac- 
tive group Z, but does not call for further CCPN's. A terminator CPN may optionally 
anneal to the fourth complementary connector. As can be seen, the answer signal 
may optionally also contains information about, what exactly this CCPN further calls 
for. In other words, the call signal may be answered by the availability of chemical 
entity reactive groups as well as the one which are further called for. 

Once a desirable hybridisation complex has been formed, the CCPN's are ligated 
and separated from optionally ligated CPN's, and the chemical entities are reacted. 
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The CPN's may be amplified at some step in the process or optionally be ligated to 
yield a one length polynucleotide, which may also be amplified and optionally further 
manipulated. 

The following section describes how hybridization regions may be designed for 
CCPN's and CPN's. Each region may specify, the needed types/numbers of reac- 
tion partners. 

The following simple example illustrates one design. Two different scaffold like 
CCPN's A and B demands different types of chemical entity reaction group chemis- 
tries. 



A. 



Derivatlzed by alkylatlon or acylatior* 



Derivatlzed by Suzuki or like reaction 



LNH 2 / 




f^l ) Derivatized by Suzuki or Ifce reaction 



CHO) 

*' Derivatlzed by HWE reaction 




They are then to be combined with a set of substituent like CCPN's as illustrated 
e.g. C1-C7. 





C2 



ci 



C5 



C6 



MeO 



..etc. 



RQ— P=Q 



V 

Ro~e=( 



...etc. 



Suzuki like CCPN's 



C3 



C4 



HWE/WIttig type CCPN's 
C7 



AcHN 



Me. 



Acylating CCPN's 



...etc. 



1 



Alkylating CCPN's 



...etc. 
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In the very simple setting, the scaffold like CCPN's calls far all the substituents 
needed, where such substituents are hybridized to e.g. the same CPN, he. only two 
CPN's are used. The four synthesized molecules below illustrate some of the prod- 
ucts found in the library. 




CPN typela anneals the scaffold type A and calls for (can only combine with) 
CCPN's carrying chemical entity reactive groups capable of undergoing acylation 
and/or alkylation and furthermore a CCPN carrying chemical entity reactive groups 
capable of undergoing a Suzuki reaction. This ensures e.g. that CCPN's carrying 
chemical entity reactive groups capable of undergoing e.g. HWE reaction will not be 
combined with scaffold like CCPN type A. 

CPN type 2a carries three CCPN's with chemical entity reactive groups capable of 
undergoing acylation, alkylation and Suzuki type reactions. 

CPN type 2b carries only two CCPN's with chemical entity reactive groups capable 
of undergoing acylation and Suzuki type reactions. 

CPN type 2a thereby allows further branching, whereas CPN type 2b does not. 

CPN type 1b anneals the scaffold type B and calls for (can only combine with) 
CCPN's carrying chemical entity reactive groups capable of undergoing HWE/Wittig 
reaction and furthermore a CCPN carrying chemical entity reactive groups capable 
of undergoing a Suzuki reaction. This ensures e.g. that CCPN's carrying chemical 
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entity reactive groups capable of undergoing e.g. acylatlon reaction will not be com- 
bined with scaffold like CCPN type B. 

* 

♦ 

m 

If all four bases are used in the variable regions of CCPN's a total and e.g. 256 dif- 
ferent scaffolds type A, 256 different scaffolds type B. 256 different acylating 
CCPN's, 256 different alkylating CCPN's, 256 Suzuki type CCPN's and 256 different 
HWE/Wittfg type CCPN's could be used. The following sequences for polynucleotide 
sequences could be one design to illustrate the principle (wherein N denotes a ran- 
dom nucleobase, preferably selected from G, A, C, T, U): 

Scaffold like CCPN's type A's: 3'-GCGCNNNNGGCG-5' 

One specific scaffold e.g. the one illustrated above couid e.g. have the specific 
quence: 3'-GCGCATTAGGCG-5\ 

Another scaffold type A, demanding the same chemistries but having another 
skeleton could have the specific sequence: 3'-GCGCTTAAGGCG-5' etc. 

Scaffold like CCPN's type B's: 3'-AATTNNNNTAAT-5' 

One specific scaffold e.g. the one Illustrated above could e.g. have the specific se- 
quence: 3*-AATTGCCGTAAT-5'. 

Another scaffold type A, demanding the same chemistries but having another 
skeleton could have the specific sequence: 3'-AATTCGGGTAAT-5' etc. 

Suzuki type CCPN's: 3'-TTTTTGAGANN NNAAGGTTTTT-5' 

One specific Suzuki type CCPN e.g. C1 illustrated above could e.g. have the spe- 
cific sequence: 3'-TTTTTGAGATTCCAAGGTTTTT-5'. Another Suzuki type CCPN 
could e.g. have the sequence 3'-TTTTTGAGACTTCAAGGTTTTT-5' . 

Acylation type CCPN's: 3'-GTTGNNNNTTGG-5' 



Alkylation type CCPN's: 3'-AACCNNNNACCA-5' 
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HWE/Wlttig type CCPN's: ^-TTCCNNNNCTCT-S' 

CPN type 1a sequences; 3^NNNNTCTCAAAAACGCCNNNNGCGC-5' 
One specific type of these would be S'-GGAATCTCAAAAACGCCTAATGCGC-S' 
this CPN would allow the hybridization of CCPN type A and CCPN type C1. 
Another specific sequence would allow the hybridization of e.g. C2 instead of C1 but 
not C3-C7 etc. 

In some settings single stranded regions may be applied to increase flexibility of the 
complex. This may be implemented by Increasing e.g. the number of A nucleobases 
from 5 nucleobases to 7 or 10 or what is found appropriate. 

CPN type 2a sequences: 3-TGGTNNNNGGTTCCAANNNNCAACAAAAACCTT-5' 

CPN type 2b sequences: 3-CC AAN NNN C AAC AAAAACCTT-5' 

Sequences for CPN type 1b, 2c and 2d are designed similarly to allow hybridization 
of CCPN's carrying chemical entity reactive groups capable of undergoing HWE 
reactions rather than acylating and/or alkylating reactions. 

If the number of potential combination is to be maximally increased a high number of 
CPN's may be used and each CCPN may then make use of "cross talk". 

In such a setting, the reactions used may be 1. acylations (Ac), 2. alkylations (Al) 3. 
Cross coupling/Suzuki and like reactions (C) and 4. HWEAMttig type reactions (W). 

Following "cross talk" between CPN's and CCPN's, the CCPN's are ligated and 
separated from optionally ligated CPN's as described herein elsewhere. Following 
separation of a) the identifier polynucleotide generated by ligation of the oligonu- 
cleotide parts of the CCPN's, and b) optionally ligated CPN's, the chemical entities 
of the CCPN's are reacted (i.e " at a point in time where CPN's and CCPN's of a hy- 
bridisation complex no longer hybridise). 
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4 

Each chemical entity reaction demands a donor and an acceptor. Donor denotes a 
chemical entity reactive group, which upon reaction leads to transfer of the chemical 
entity or a part thereof of that CCPN. Transfer may be directly in one step or se- 
quentially through cross linkage followed by cleavage. An acceptor denotes a 
chemical entity reactive group, which upon reaction accepts the transfer of a chemi- 
cal entity or part thereof from another CCPN. 

When designing CCPN hybridization regions, one may bias the library towards spe- 
cific properties, e.g. if selection Is used to identify drug candidates In the library, it is 
in most cases not appropriate to have aromatic amines presented due to their po- 
tential toxic properties, whereas aliphatic amines are in general acceptable. CCPN's 
carrying aromatic amines may therefore specifically signal the need to be partnered, 
with a CCPN carrying a chemical entity reactive group capable of undergoing acyla- 
tion reactions and optionally allow a CCPN carrying a chemical entity reactive group 
capable of undergoing alkylating reactions, whereas aliphatic amines may be part- 
nered with both CCPN's carrying chemical entity reactive groups capable of under- 
going acylation and alkylation reactions. Aromatic hydroxyl groups, on the other 
hand, should not be acylated due to the generation of another acylating specie, 
which will generally not be acceptable as drug candidate. Aromatic hydroxyl groups 
should therefore only be alkylated. Such demands may be entered into hybridization 
region for a specific CCPN. 

If all four reaction types were to be used in one library generation, then the hybridi- 
zation region of each CCPN could specify, which one of the reaction types, men- 
tioned above, are needed (denoted by -). allowed (denoted by "+") and forbidden 
(denoted by "-")■ 

Plus ("+") sequences may be composed of non-specific hybridizing nucleobases 
such as e.g. inosine. Minus ("-") sequences may be composed of a nucleobase se- 
quence with one specific sequence and the need of a specific partner will be speci- 
fied by another specific sequence. 



E.g. nucleobase sequence I (inosine) = "+"; nucleobase sequence T (thymine) 
and nucleobase sequence G (guanine) - "*". 
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As the need, acceptance or disallowance of e.g. four different reaction partners is to 
be signaled, the overall descriptor sequence for type and number of chemical enti- 

5 ties on a CCPN corresponds to four polynucleotide sub-regions. In the following 

illustrations, the regions 1 , 2, 3, 4 correspond to the need or acceptance of the part- 
ners Ac (1); Al (2); C (3) and W (4). One further nudeobase in that polynucleotide 
sub-region may optionally indicate whether the chemical entity reactive group is of 
donor or acceptor type. In the following nudeobase T (thymine) indicates a donor, 

1 0 nudeobase G (guanine) indicates an acceptor and nudeobase I (inosine) is used if 
donor/acceptor type is not spedfied. 

In the design example above, the four regions 1 (Acylation). 2 (Alkylation), 3 (Cross 
Coupling/Suzuki) and 4 (Wittig/HWE) could be of a total of 8 nucleobases for the call 
1 5 region and 8 nucleobases for the answer region. 

One simpler example, using a higher number of CPN's could be the following exam- 
ple. In this example, the call signal specifies only the need/allowed CCPN's and the 
answer similarly. 
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The CCPN's in a peptide like library composed of complementary connectors 1-7 
could have the following identifier polynucleotide sequences. 



43 





0 <^ s rt^v? cr^s cr*s 



NH 2 ^H 2 H 




5*-ca0" answer-3' 
CPN 



Substituenl 6T TG tttt «««« GTGT (?) 

desoriplor (1) (2) (3) W * ' 

J-answor I caH-S' 3'-ans wer I ca B-5' 



The sequence of the building b'ock oligonucleotides could then be: 

CCPN1: 3'-GT-6GTrTITh5' 

CCPN2: 3'-TG-GGTITITI-5* 

CCPN3: S'-GTITnTI-TTTT-GGTITITl-S' 

CCPN4: 3M3TITTTn-GGGG-GGTITTTI-5' 

CCPN5: 3 , -GTITTITI-GTGT-GGTITITI-5 , 

CCPN6: 3*-GTITnTI-TG-5' 

CCPN7: S'-GTITTITI-TT-S* 

CCPN1 and CCPN2 carries only a call region and calls for acylating acceptors. 
CCPN3-CCPN5 carries both an answer and a call region. The answer region spec- 
fies that it needs an acylating donor but also allows alkylating agents. The call re- 
gion specifies the call for an acylating acceptor. 
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CCPN6 and CCPN7 carries only an answer region. The answer region specifies that 
it needs an acylating donor but also allows alkylating donors. 

To generate this library, the following CPN may then fulfill the need: 

CPN1 : 3'-NN-CACAACAC-CACACACC-NN-5' 

Where N denotes a variable nucleobase. 

In this library all CCPN's carrying function entity groups of amino type have been 
specied as allowance for alkylation. but with the need for acylation. 

In order to control the degree of supramolecular complex formation, terminator se- 
quences may be added at some point in time. The concentration of which, will de- 
termine the mean distribution of how many CCPN's and CPN each complex is made 
of. 

Such terminator sequences coutd In the example above be; 

Terminatorl: S'-CACACACC-NN-S* 
Terminated: S'-GTITTITI-NN-S' 

The above methods involve the formation of a hybridisation complex comprising 
hybridised CPN's and CCPN's. Following the formation of the hybridisation complex, 
the oligonucleotides of the CCPN's are ligated. enzymatically, chemically, or 
otherwise, and separated from optionally ligated CPN's. The aforementioned steps 
occur before chemical entities carreid by CCPN's are reacted. Reaction of the 
chemical entities reault In the formation of a bifunctionai complex. 

Bifunctionai Complex 

The bifunctionai complexes of the present invention comprises a molecule and an 
identifier polynucleotide. The identifier polynucleotide comprises identifying moieties 
that identifies the molecule. In some embodiments, the identifier polynucleotide 
identifies the molecule uniquely, i.e. in a library of complexes a particular identifier 
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polynucleotide is capable of distinguishing the molecule it is attached to from the 
rest of the molecules. 

The molecule and the identifier polynucleotide may be attached directly to each 
other or through a bridging moiety. In one aspect of the invention, the bridging moi- 
ety is a selectively cleavable linkage (non-limiting examples disclosed in detail 
herein below). 

The identifying moieties of each complex suitably comprise recognition units, i.e. 
units which may be recognized by a detecting entity. A variety of different kinds of 
recognition exist in nature. Examples include antibodies which recognize an epitope, 
proteins which recognize another prolein, nucleic acids including mRNA which rec- 
ognize a protein, small molecules (like biotin) which recognize a protein (like avidine 
or streptavidine) and oligonucleotides which recognizes complementing oligonu- 
cleotides. It is preferred that the identifier polynucleotide is a sequence of nucleo- 
tides. 

The method may In certain embodiments be performed without amplification after a 
separation or partitioning step. However, when larger libraries are used and the 
amount of separated identifier polynucleotides is relatively low, it is in general pre- 
ferred to use an identifier polynucleotide which is amplifiable. Identifier polynucleo- 
tides comprising a sequence of nucleotides may be amplified using standard tech- 
niques, like PCR, 

In the event that an identifier polypeptide and not an identifier polynucleotide is 
used, the polypeptide may be amplified by attaching the mRNA which encoded the 
synthesis thereof, generating the cDNA from the mRNA and subjecting said mRNA 
to a translation system. Such system is described in WO 98/31700 the content of 
which is incorporated herein by reference. An alternative method for amplifying a 
protein is to use phage-displayed proteins. 

The identifier polynucleotide may comprise two or more oligonucleotides originating 
from different building blocks. The sequences of the oligonucleotides can be de- 
coded to identify the chemical entities used in the formation of the molecule. In cer- 
tain embodiments, when the identifier polynucleotide comprises more than one oli 
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gonucleotide, each member of a pool of building blocks can be Identified uniquely 
and the order of oligonucleotides is informative of the synthesis step each member 
has been incorporated in. 

m 

The number of individual nucleotides making up each oligonucleotide can be any- 
thing suitable. In some embodiments of the invention, it is preferred that each oligo- 
nucleotide independently comprises four or more nucleotides, more preferred from 4 
to 30 nucleotides. 

The identifier polynucleotide will in general have at teas! two oligonucleotides ar- 
ranged next to each other. Any two neighbouring oligonucleotides may be separated 
by a framing sequence. Depending on the molecule formed, the identifier polynu- 
cleotide may comprise further oligonucleotides, such as 3, 4, 5, or more oligonu- 
cleotides. Each of the further oligonucleotides may be separated by a suitable 
framing sequence. In some embodiments, all or at least a majority of the oligonu- 
cleotides of the identifier polynucleotide are separated from a neighbouring oligonu- 
cleotide by a framing sequence. The framing sequence may have any suitable num- 
ber of nucleotides, e.g. 1 to 20. Alternatively, oligonucleotides on the identifier poly- 
nucleotide may be designed with overlapping sequences. 

The framing sequence, if present, may serve various purposes. In one setup of the 
invention, a given framing sequence identifies the position of an oligonucleotide in 
an identifier polynucleotide. Usually, the framing sequence either upstream or 
downstream of an oligonucleotide comprises information which allows determination 
of the position of the oligonucleotide in the identifier polynucleotide. In another 
setup, the frames have alternating sequences, allowing for hybridisation of building 
blocks from two pools in the formation of the library. 

The framing sequence may also or in addition provide for a region of high affinity. 
The high affinity region may ensure that the hybridisation of connector oligonucleo- 
tides and building block oligonucleotides occurs in frame. Moreover, the framing 
sequence may adjust the annealing temperature to a desired level. 

A framing sequence with high affinity can be provided by incorporation of one or 
more nucleobases forming three hydrogen bonds to a cognate nucleobase. Exam 
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pies of nucleobases having this property are guanine and cytosine. Alternatively, or 
in addition, the framing sequence may be subjected to backbone modification. Sev- 
eral back bone modifications provides for higher affinity, such as 2'-0-methyl sub- 
stitution of the ribose moiety, peptide nucleic acids (PNA). and 2'-A' O-methylene 
cyclisation of the ribose moiety, also referred to as LNA (Locked Nucleic Acid). 

The identifier polynucleotide may also comprise flanking regions. The flanking re- 
gions can encompass a signal group, such as a fluorophor or a radioactive group to 
allow for detection of the presence or absence of a complex, or the flanking region 
may comprise a label that may be detected, such as biotin. When the identifier poly- 
nucleotide comprises a biotin moiety, the identifier polynucleotide may easily be 
recovered following the separation step. 

The flanking regions can also serve as priming sites for amplification reactions, such 
as PCR. The identifier polynucleotide may in certain embodiments comprise an af- 
finity region having the property of being able to hybridise to a building block. 

The molecule part of the complex is generally of a structure expected of having an 
effect on the target. When the target is of pharmaceutical importance, the molecule 
is generally a drug candidate. The complex can e.g. be formed by tagging a library 
of different possible drug candidates with a tag. e.g. a nucleic acid tag uniquely 
identifying each possible drug candidate. 

In another embodiment of the invention, the molecule is formed by a variety of 
chemical entities which have reacted with each other and/or a scaffold molecule. 
Optionally, this reaction product may be post-modified to obtain the final molecule 
displayed on the complex. The post-modification may involve the cleavage of one or 
more chemical bonds attaching the molecule to the indentifier in order to more effi- 
ciently display the molecule. 

The formation of an molecule can involve a scaffold. I.e. a chemical unit having one 
or more reactive groups capable of forming a connection to another reactive group 
positioned on a chemical entity, thereby generating an addition to the original 
scaffold. A second chemical entity may react with a reactive group also appearing 
on the original scaffold or a reactive group incorporated by the first chemical entity. 
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Further chemical entities may be involved in the formation of the final reaction 
product. The formation of a connection between the chemical entity and the nascent 
molecule may be mediated by a bridging molecule. As an example, if the nascent 
molecule and the chemical entity both comprise an amine group a connection 
between these can be mediated by a dicarboxylic acid. A molecule is In general 
produced in vitro and may be a naturally occurring or an artificial substance. A 
molecule is not produced using the naturally translation system in an in vitro 
process. 

The chemical entities that are precursors for structural additions or eliminations of 
the molecule are attached to a building block prior to the participation in the 
formation of the reaction product leading the final molecule. Besides the chemical 
entity, the building block comprises an Identifier oligonucleotide capable of 
identifying the chemical entity. In some embodiments the building blocks also 
comprise an affinity region providing for affinity towards the nascent complex. 

The chemical entities are preferably reacted without enzymatic interaction in some 
aspects of the invention. Notably, the reaction of the chemical entities is preferably 
not mediated by ribosomes or enzymes having similar activity. 

The chemical entity of the building block can in some embodiments be regarded as 
precursors for the structural entity eventually incorporated into the molecule. In other 
cases a chemical entity provides for the elimination of one or more chemical units 
from a nascent (i.e. intermediate) molecule - prior to the formation of a final mole- 
cule. 

When it is stated herein that a chemical entity is "transferred" to a molecule precur- 
sor it shall be understood that not necessarily all the atoms of the original chemical 
entity is to be found in the molecule or molecule precursor. Also, as a consequence 
of the reactions involved in the formation of a molecule, the structure of a chemical 
entity can be changed when it forms part of a molecule or molecule precursor. Es- 
pecially, a cleavage resulting in the release of a chemical entity may generate a re- 
active group which in a subsequent step can participate in the formation of a bond 
between the molecule or molecule precursor and another chemical entity. A chemi 
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cal entity of a molecule precursor can thus in some embodiments serve as a protec- 
tion group. 

The chemical entity of a building block comprises at least one reactive group capa- 
ble of participating In a reaction which results in a connection between the chemical 
entity of the building block and another chemical entity, or a scaffold associated with 
the nascent complex (i.e. complex not containing the "final" form of a molecule). 

The number of reactive groups which appear on a chemical entity is suitably one to 
ten. A building block featuring only one reactive group can be used e.g. at the end 
positions of polymers or scaffolds, whereas building blocks having two reactive 
groups are suitable for the formation of the body part of a polymer or scaffolds ca- 
pable of being further reacted with the same or a different building block. 

One, two or more reactive groups intended for bond formation are typically present 
on a scaffold. Non-limiting examples of scaffolds are e.g. opiates, steroids, benzo- 
diazepines, hydantoines, and pepUdylphosphonates. 

The reactive group of a chemical entity may be capable of forming a direct connec- 
tion to a reactive group of the nascent complex, or the reactive group of the building 
block may be capable of forming a connection to a reactive group of the nascent 
complex through a bridging fill-in group. It is to be understood that not all the atoms 
of a reactive group are necessarily maintained in the connection formed. Rather, the 
reactive groups are to be regarded as precursors for the structure of the connection. 



The subsequent cleavage step to release the chemical entity from the building block 
can be performed in any appropriate way. In an aspect of the Invention the cleavage 
involves usage of a chemical reagent or an enzyme. The cleavage results in a 
transfer of the chemical entity to the nascent molecule, or In a transfer of the nas- 
cent molecule to the chemical entity of the building block. In some cases it may be 
advantageous to introduce new chemical groups as a consequence of linker cleav- 
age. The new chemical groups may be used for further reaction in a subsequent 
cycle, either directly or after having been activated. In other cases it is desirable that 
no trace of the linker remains after the cleavage. 
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In another aspect, the connection and the cleavage is conducted as a simultaneous 
reaction, i.e. either the chemical entity of the building block or the nascent molecule 
is a leaving group of the reaction. In some aspects of the invention, it is appropriate 
to design the system such that the connection and the cleavage occur simultane- 
ously because this will reduce the number of steps and the complexity. The simulta- 
neous connection and cleavage can also be designed such that either no trace of 
the linker remains or such that a new chemical group for further reaction Is intro- 
duced, as described above. 

The attachment of the chemical entity to the building block, optionally via a suitable 
spacer can be at any entity available for attachment, e.g. the chemical entity can be 
attached to a nucleobase or the backbone, in general, it is preferred to attach the 
chemical entity at the phosphor of the internucleoside linkage or at the nucleobase. 
When the nucleobase is used for attachment of the chemical entity, the attachment 
point is usually at the 7 position of the purines or 7-deaza-purins or at the 5 position 
of pyrimidines. The nucleotide may be distanced from the reactive group of the 
chemical entity by a spacer moiety. The spacer may be designed such that the 
conformational spaced sampled by the reactive group is optimized for a reaction 
with the reactive group of the nascent molecule. 

The molecules of the invention may have any chemical structure. In a preferred 
aspect, the molecule can be any compound that may be synthesized in a 
component-by-component fashion. In some embodiments, the molecule is a linear 
or branched polymer or oligomer comprising a plurality of linked subunits. In another 
aspect the molecule is a scaffolded molecule. The term "molecule" also comprises 
naturally occurring molecules like a-polypeptides etc. however produced in vitro 
usually in the absence of enzymes, like ribosomes. In certain aspects, the molecule 
of the library is a noiva-polypeptide. 

The molecule may have any molecular weight. However, in order to be orally 
available, it is in this case preferred that the molecule has a molecular weight less 
than 2000 Daltons, preferably less than 1000 Dalton. and more preferred less than 
500 Daltons. 
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The size of the library may vary considerably pending on the expected result of the 
inventive method. In some aspects, it may be sufficient that the library comprises 
two, three, or four different Afunctional complexes. However, in most events, more 
than two different bifunctional complexes are desired to obtain a higher diversity. In 
some aspects, the library comprises 1 ,000 or more different bifunctional complexes, 
more preferred 1,000,000 or more different bifunctional complexes. The upper limit 
for the size of the library is only restricted by the size of the vessel in which the li- 
brary is comprised. It may be calculated that a vial may comprise up to 10 14 different 
bifunctional complexes. 

Nucleotides 

The nucleotides used in the present invention may be linked together in a sequence 
of nucleotides, i.e. an oligonucleotide. Each nucleotide monomer is normally com- 
posed of two parts, namely a nucleobase moiety, and a backbone. The back bone 
may in some cases be subdivided into a sugar moiety and an internucleoside linker. 

* 

The nucleobase moiety may be selected among naturally occurring nucleobases as 
well as non-naturally occurring nucleobases. Thus, "nucleobase" Includes not only 
the known purine and pyrimidine hetero-cycles. but also heterocyclic analogues and 
tautomers thereof. Illustrative examples of nucleobases are adenine, guanine, thy- 
mine, cytosine, uracil, purine, xanthine, diaminopurine, 8-oxo-N 8 -methyladenine, 7- 
deazaxanthine. 7-deazaguanlne, r^-ethanocytosin, N e .N 6 -ethano-2,6-diamino- 
purine. 5-methylcytosine, o-^-C^alkynylcytosine. S-fluorouracil. 5-bromouracil. 
pseudoisocytosine, 2-hydroxy-5-methyl-4-triazolopyridine, isocytosine. isoguanine, 
inosine and the "non-naturally occurring" nucleobases described in Benner et al.. 
U.S. Pat No. 5.432.272. The term "nucleobase" is intended to cover these examples 
as well as analogues and tautomers thereof. Especially Interesting nucleobases are 
adenine, guanine, thymine, cytosine, 5-methylcytosine, and uracil, which are con- 
sidered as the naturally occurring nucleobases in relation to therapeutic and diag- 
nostic application in humans. 



Examples of suitable specific pairs of nucleobases are shown below: 



Natural Baso Pairs 



O 
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R»H: Uracil 

R=CH,: Thymine Cytoslne 



Backbone 

Backbon 
Adenine 




Guanine 



Synthetic Bate Pairs 




Backbone 



Synthetic purine bases paining with natural pyrlrnidtnes 




7-deaza adenine 



R=H: Uracil 
R=CHj: Thymine 



-BacKbww 



Cytoslne 




7-deaza guanhe 



Suitable examples of backbone units are shown below (B denotes a nucleobase): 
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0-|-0' 



r-^-hydroxyJpropyl 



S'-Phosphoramidaic 



0=pBH 3 " 
Boranophosphales 



9 

o=p-o- 

TNA 



The sugar moiety of the backbone is suitably a pentose but may be the appropriate 
part of an PNA or a six-member ring. Suitable examples of possible pentoses in- 
clude ribose, 2'-deoxyribose. 2*-Omethyl-ribose, 2'-flour-ribose, and 2'-4'^0- 
methylene-ribose (LNA). Suitably the nucleobase is attached to the T position of the 
pentose entity. 

An internucleoside linker connects the 3' end of preceding monomer to a 5' end of a 
succeeding monomer when the sugar moiety of the backbone is a pentose, like ri- 
bose or 2-deoxyribose. The internucleoside linkage may be the natural occurring 
phospodiester linkage or a derivative thereof. Examples of such derivatives include 
phosphorothioate. methylphosphonate, phosphoramidate. phosphotriester, and 
phosphodithioate. Furthermore, the internucleoside linker can be any of a number of 
non-phosphorous-containing linkers known in the art. 
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Preferred nucleic acid monomers include naturally occurring nucleosides forming 
• part of the DNA as well as the RNA family connected through phosphodiester link- 
ages. The members of the DNA family Include deoxyadenosine, deoxyguanosine, 
deoxythymidine, and deoxycytidlne. The members of the RNA family include adeno- 
sine, guanosine, uridine, cytidine, and inosine. Inosine is a non-specific pairing nu- 
cleoside and may be used as universal base because inosine can pair nearly iso- 
energetically with A, T. and C. Other compounds having the same ability of non- 
specifically base-pairing with natural nucleobases have been formed. Suitable com- 
pounds which may be utilized in the present invention includes among others the 
compounds depicted below 
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Examples o f Universal Bases: 




NO: 



0 2 N 





H,N 



\ 




Inosine 



S-Nitroindolc 3-Nitropyrrole N 8 -8az a -7deazaadenine 





° \ 




M1CS 



5MICS 



PIM 




V 



HN* ^\ 




dP 



dK 



Nebularine 
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Building block 

The chemical entities that are precursors for structural additions or eliminations of 
the molecule may be attached to a building block prior to the participation In the for- 
mation of the reaction product leading the final molecule. Besides the chemical en- 
tity, the building block generally comprises an oligonucleotide. 

The chemical entity of the building block comprises at least one reactive group ca- 
pable of participating in a reaction which results in a connection between the chemi- 
cal entity of the building block and another chemical entity or a scaffold associated 
with the nascent complex. The connection is facilitated by one or more reactive 
groups of the chemical entity. The number of reactive groups which appear on the 
chemical entity is suitably one to ten. A building block featuring only one reactive 
group is used i.a. in the end positions of polymers or scaffolds, whereas building 
blocks having two reactive groups are suitable for the formation of the body part of a 
polymer or scaffolds capable of being reacted further. One, two or more reactive 
groups intended for the formation of connections, are typically present on scaffolds. 

The reactive group of the building block may be capable of forming a direct connec- 
tion to a reactive group of the nascent complex or the reactive group of the building 
block may be capable of forming a connection to a reactive group of the nascent 
complex through a bridging fill-in group. It is to be understood that not all the atoms 
of a reactive group are necessarily maintained in the connection formed. Rather, the 
reactive groups are to be regarded as precursors for the structure of the connection. 

The subsequent cleavage step to release the chemical entity from the building block 
can be performed in any appropriate way. In an aspect of the invention the cleavage 
Involves usage of a reagent or an enzyme. The cleavage results in a transfer of the 
chemical entity to the nascent molecule or in a transfer of the nascent molecule to 
the chemical entity of the building block. In some cases it may be advantageous to 
introduce new chemical groups as a consequence of linker cleavage. The new 
chemical groups may be used for further reaction in a subsequent cycle, either di- 
rectly or after having been activated. In other cases it is desirable that no trace of 
. the linker remains after the cleavage. 
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In another aspect, the connection and the cleavage is conducted as a simultaneous 
reaction, Le. either the chemical entity of the building block or the nascent molecule 
is a leaving group of the reaction. In general, it is preferred to design the system 
such that the connection and the cleavage occur simultaneously because this will 
reduce the number of steps and the complexity. The simultaneous connection and 
cleavage can also be designed such that either no trace of the linker remains or 
such that a new chemical group for further reaction is introduced, as described 
above. 

The attachment of the chemical entity to the building block, optionally via a suitable 
spacer can be at any entity available for attachment, e.g. the chemical entity can be 
attached to a nucleobase or the backbone. In general, it is preferred to attach the 
chemical entity at the phosphor of the intemucleoside linkage or at the nucleobase. 
When the nucleobase is used for attachment of the chemical entity, the attachment 
point is usually at the 7 position of the purines or 7-deaza-purins or at the 5 position 
of pyrimidines. The nucleotide may be distanced from the reactive group of the 
chemical entity by a spacer moiety. The spacer may be designed such that the 
conformational space sampled by the reactive group is optimized for a reaction with 
the reactive group of the nascent molecule or reactive site. 

The oligonucleotide complements the oligonucleotide of the identifier polynucleotide 
polynucleotide and generally comprises the same number of nucleotides as the oli- 
gonucleotide. The oligonucleotide may be adjoined with a fixed sequence, such as a 
sequence complementing a framing sequence. 

Various specific building blocks are envisaged. Building blocks of particular interest 
are shown below. 

Building blocks transferring a chemical entity t o a recipient nucleophilic group 
The building block indicated below is capable of transferring a chemical entity (CE) 
to a recipient nucteophilic group, typically an amine group. The bold lower horizontal 
line illustrates the building block and the vertical line Illustrates a spacer. The 5- 
membered substituted N-hydroxysuccinimid (NHS) ring serves as an activator, i.e. a 
labile bond is formed between the oxygen atom connected to the NHS ring and the 
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chemical entity. The labile bond may be cleaved by a nucleophlllc group, e.g. posi- 
tioned on a scaffold 




The 5-membered substituted N-hydroxysuccinimid (NHS) ring serves as an activa- 
tor, i.e. a labile bond is formed between the oxygen atom connected to the NHS ring 
and the chemical entity. The labile bond may be cleaved by a nucleophiiic group, 
e.g. positioned on a scaffold, to transfer the chemical entity to the scaffold, thus 
converting the remainder of the fragment Into a leaving group of the reaction. 
When the chemical entity is connected to the activator through an carbonyl group 
and the recipient group is an amine, the bond formed on the scaffold will an amide 
bond. The above building block is the subject of the Danish patent application No. 
PA 2002 01946 and the US provisional patent application No. 60/434,439, the con- 
tent of which are incorporated herein in their entirety by reference. 

Another building block which may form an amide bond is 




CIS' 



R may be absent or N0 2 , CF 3 , halogen, preferably CI, Br, or I, and Z may be S or O. 
This type of building block is disclosed in Danish patent application No. PA 2002 
0951 and US provisional patent application filed 20 December 2002 with the title "A 
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building block capable of transferring a chemical entity to a recipient reactive group". 
The content of both patent application are incorporated herein in their entirety by 
reference. 

» 

► 

A nucleophilic group can cleave the linkage between Z and the carbonyl group 
thereby transferring the chemical entity -(O0)-CE' to said nucleophilic group. 

Buildino blocks transferring a chemica l antitv to a ror.ipiant reactive group forming a 
C=C bond 

A building block as shown below are able to transfer the chemical entity to a recipi- 
ent aldehylde group thereby forming a double bond between the carbon of the aide- 
hyde and the chemical entity 




The above building block is comprised by the Danish patent application No. DK PA 
2002 01952 and the US provisional patent application filed 20 December 2002 with 
the title "A building block capable of transferring a chemical entity to a recipient re- 
active group forming a C=C double bond". The content of both patent applications 
are incorporated herein in their entirety by reference. 



Buildino blocks transferring a chem ical entity to a recipiej 
C-C bond 

The below building block is able to transfer the chemical entity to a recipient group 
thereby forming a single bond between the receiving moiety, e.g. a scaffold, and the 
chemical entity. 




The above building block is comprised by the Danish patent application No. DK PA 
2002 01947 and the US provisional patent application No 60/434,428. The content 
of both patent applications are incorporated herein in their entirety by reference. 

Another building block capable of transferring a chemical entity to a receiving reac- 
tive group forming a single bond is 




The receiving group may be a nucleophile, such as a group comprising a hetero 
atom, thereby forming a single bond between the chemical entity and the hetero 
atom, or the receiving group may be an electronegative carbon atom, thereby form- 
ing a C-C bond between the chemical entity and the scaffold. 

The chemical entity attached to any of the above building blocks may be a selected 
from a large arsenal of chemical structures. Examples of chemical entities are 
H or entities selected among the group consisting of a d-C 6 alkyl, C2-C 8 alkenyl, 
C2-C 6 alkynyl, C 4 -C 8 alkadienyl, C 3 -C 7 cycloalkyl, C 3 -C 7 cycloheteroalkyl, aryl, and 
heteroaryl, said group being substituted with 0-3 R 4 , 0-3 R 5 and 0-3 R 9 or C,-C 3 al- 
kylene-NR 4 2 , C1-C3 alkylene-NR 4 C(0)R B . C1-C3 alkylene-NR 4 C(0)OR 8 f C,-C 2 al 
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kylene-0-NR 4 2 , C,-C 2 alkylene-0-NR 4 C(0)R B , C,-^ alkylene-O-NR 4 C(0)OR e sub- 
stituted with 0-3 R 9 . 

where R* is H or selected independently among the group consisting of 
C r C 6 alkyl, C 2 -C 6 alkenyl, C 2 -C a alkynyl, C3-C7 cycloalkyl, C3-C7 cycloheteroatkyl, 
aryl, heteroaryl, said group being substituted with 0-3 R 9 and 

R 5 is selected independently from -N 3 , -CNO, -C(NOH)NH 2 , -NHOH, 
-NHNHR 6 , -C(0)R 6 , -SnR 6 3 . -B(OR 6 ) 2 , -P(0)(OR 6 ) 2 or the group consisting of Ca-C 6 
alkenyl, C 2 -C 6 alkynyl, C 4 -C 8 alkadienyl said group being substituted with 0-2 R 7 , 

where R 6 is selected independently from H, Ci-C Q alkyl, C3.C7 cycloal- 
kyl, aryl or Ci-C 6 alkylene-aryl substituted with 0-5 halogen atoms selected from -F, 
-CI, -Br, and -I; and R 7 is independently selected from -N0 2 , -COOR 5 , -COR 6 , -CN f 
-OSiR B 3 , -OR 6 and -NR 6 2 . 

R 8 Is H, C^Ce alkyl, C 2 -C 6 alkenyl, C 2 -C 6 alkynyl, C3-C7 cycloalkyl, aryl or Ci-C 6 
alkylene-aryl substituted with 0-3 substituents independently selected from -F, -CI, - 
N02, -R 3 , -OR 3 , -SiR 3 3 

R 9 is =0, -F, -CI, -Br, -I, -CN. -N0 2 . -OR 6 , -NR 6 2 , -NR e -C(0)R 8 , -NR 6 -C(0)0R fl , -5R 6 , 
-S(0)R 6 , -S(OhR 6 , -COOR 6 , -C(0)NR 6 2 and -S(0) 2 NR 6 2 . 

Cross-link cleavage building blocks 

It may be advantageous to split the transfer of a chemical entity to a recipient reac- 
tive group into two separate steps, namely a cross-linking step and a cleavage step 
because each step can be optimized. A suitable building block for this two step pro- 
cess is illustrated below: 

R 1 B— Q \\ 

I O 
A 



Initally, a reactive group appearing on the chemical entity precursor (abbreviated 
FEP) reacts with a recipient reactive group, e.g. a reactive group appearing on a 
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scaffold, thereby forming a cross-link. Subsequently, a cleavage is performed, usu- 
ally by adding an aqueous oxidising agent such as l 2 . Br 2 , Cl 2 , H\ or a Lewis acid. 
The cleavage results in a transfer of the group HZ-FEP- to the recipient moiety, such 
as a scaffold. 

5 

In the above formula 

Z is O, S, NR 4 
Q is N, CR 1 

P is a valence bond, O, S, NR 4 , or a group Cs-7arylene, Ci^alkylene, 
10 Ci^O-alkylene, d^S-alkylene, NR'-alkylene, C^alkylene-O, Ci-salkylene-S option 
said group being substituted with 0-3 R 4 , 0-3 R 5 and 0-3 R 9 or C1-C3 alkylene-NR 4 2 , 
d-Ca alkylene-NR 4 C(0)R 8 f d-Cs alkylene-NR 4 C(0)OR B , d-C 2 alkylene-0-NR 4 2 , 
d-C 2 alkylene-0-NR 4 C(0)R e , C r C 2 alkylene-0-NR 4 C(0)OR 8 substituted with 0-3 
R°. 

15 B is a group comprising D-E-F, in which 

D is a valence bond or a group Ci^alkylene, C^alkenylene, Ci. 
6 alkynylene, C^arylene, or C^beteroarylene, said group optionally being substi- 
tuted with 1 to 4 group R 11 , 

E is, when present, a valence bond, O, S, NR 4 , or a group d- 
20 B alkylene, C^alkenylene, d-ealkynylene, Cs- 7 arylene, or C^heteroarylene, said 
group optionally being substituted with 1 to 4 group R 11 , 

F is, when present, a valence bond, O, S, or NR 4 , 
A is a spacing group distancing the chemical structure from the com- 
plementing element, which may be a nucleic acid, 
25 R 1 . R 2 , and R 3 are independent of each other selected among the 

group consisting of H, d-Ce alkyl, C 2 -Ce alkenyl, C 2 -d alkynyl, d-Ce alkadienyl, 
C3-C7 cycloalkyl, C 3 -C 7 cycloheteroalkyl, aryl, and heteroaryl, said group being sub- 
stituted with 0-3 R 4 , 0-3 R 5 and 0-3 R 9 or C1-C3 alkylene-NR 4 2 , d-d al- 
kylene-NR 4 C(0)R 8 , d-d alkylene-NR 4 C{0)OR 8 , d-d alkylene-0-NR 4 2 , C r C 2 al- 
30 kylene-0-NR 4 C(0)R 8 , Ci-C 2 alkylene-0-NR 4 C(0)OR 8 substituted with 0-3 R 9 , 

FEP Is a group selected among the group consisting of H, Ct-Ce alkyl, 
C 2 -C 6 alkenyl, d-d alkynyl, d-d alkadienyl, d-d cycloalkyl, C3-C7 cycloheteroal- 
kyl, aryl, and heteroaryl, said group being substituted with 0-3 R 4 , 0-3 R 5 and 0-3 R 9 
or d-d alkylene-NR 4 2 . d-d alkylene-NR 4 C(0)R 8 , d-d alkylene-NR 4 C(0)OR 8 , 
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d-C 2 alkylene-0-NR 4 2l Ci-C 2 alkylene-0-NR 4 C(0)R 6 , C,-C 2 al- 
kylene-0-NR 4 C(0)OR 8 substituted with 0-3 R 9 

where R 4 is H or selected independently among the group consisting of 
d-C 6 alkyl, C 2 -C 6 alkenyl, Cz-Ce alkynyl, C 3 -C 7 cycloalkyl, C 3 -C 7 cycloheteroalkyl, 
aryl, heteroaryl, said group being substituted with 0-3 R 9 and 

R 5 is selected independently from -N 3 , -CNO, -C(NOH)NH 2 , -NHOH, 
-NHNHR 6 , -C(0)R fl , -SnR 6 3 , -B(OR 6 ) 2l -P(0)(OR 6 >2 or the group consisting of C 2 -C 6 
alkenyl. C 2 -Ce alkynyl, C 4 -Cs alkadienyl said group being substituted with 0-2 R 7 , 

where R 6 is selected independently from H, CVC 6 alkyl, C 3 .C 7 cycloal- 
kyl, aryl or C r C 6 alkylene-aryl substituted with 0-5 halogen atoms selected from -F, 
-CI, -Br, and -I; and R 7 is independently selected from -N0 2 , -COOR 6 , -COR 6 , -CN, 
-OSiR B 3l -OR* and -NR 6 2 . 

R d Is H, Ci-C 6 alkyl, C^Ce alkenyl, Cr-C* alkynyl, C3-C7 cycloalkyl, aryl or Ct-C 6 
alkylene-aryl substituted with 0-3 substituents independently selected from -F, -CI, - 
N0 2 , -R 3 , -OR 3 , -SiR 3 3 

R* is =0, -F, -CI, -Br, -I, -CN, -NO*, -OR 6 , -NR 6 2 , -NR 6 -C(0)R*. -NR 6 -C(0)OR 8 . -SR 6 , 
-S(0)R 6 , -S(0) 2 R 6 . -COOR 6 , -C(0)NR e 2 and -S(0) 2 NR 6 2 . 

In a preferred embodiment Z is O or S, P is a valence bond, Q is CH, B Is CH 2 , and 
R\ R 2 , and R 3 is H. The bond between the carbonyl group and Z is cleavable with 
aqueous l 2 . 

Contacting between taroet and library 

The contacting step, by which the library of Afunctional molecules is subjected un- 
der binding conditions to a target, may be referred to as the enrichment step or the 
selection step, as appropriate, and includes the screening of the library for mole- 
cules having predetermined desirable characteristics. Predetermined desirable 
characteristics can include binding to a target, catalytically changing the target, 
chemically reacting with a target in a manner which alters/modifies the target or the 
functional activity of the target, and covalently attaching to the target as in a suicide 
inhibitor. 

In theory, molecules of interest can be selected based on their properties using ei- 
ther physical or physiological procedures. The method preferred according to the 
present invention is to enrich molecules with respect to binding affinity towards a 
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target of interest. In a certain embodiment, the basic steps involve mixing the library 
of Afunctional complexes with the immobilized target of interest. The target can be 
attached to a column matrix or mlcrotitre wells with direct immobilization or by 
means of antibody binding or other high-affinity interactions. In another embodiment, 
the target and displayed molecules interact without immobilisation of the target Dis- 
played molecules that bind to the target will be retained on this surface, while non- 
binding displayed molecules will be removed during a single or a series of wash 
steps. The identifier polynucleotides of Afunctional complexes bound to the target 
can then be separated by cleaving the physical connection to the molecule. It may 
be considered advantageously to perform a chromatography step after of Instead of 
the washing step. After the cleavage of the physical link between the molecule and 
the identifier polynucleotide, the identifier polynucleotide may be recovered from the 
media and optionally amplified before the decoding step. 

A significant reduction in background binders may be obtained with increased 
washing volumes, repeating washing steps, higher detergent concentrations and 
prolonged Incubation during washing. Thus, the more volume and number of steps 
used in the washing procedure together with more stringent conditions will more 
efficiently remove non-binders and background binders. The right stringency in the 
washing step can also be used to remove low-affinity specific binders. However, the 
washing step will also remove wanted binders if too harsh conditions are used. 

A blocking step, such as incubation of solid phase with skimmed milk proteins or 
other inert proteins and/or mild detergent such as Tween-20 and Triton X-100, may 
also be used to reduce the background. The washing conditions should be as strin- 
gent as possible to remove background binding but to retain specific binders that 
interact with the immobilized target. Generally, washing conditions are adjusted to 
maintain the desired affinity binders, e.g. binders in the micromolar, nanomolar, or 
pocomolar range. 

In traditional elution protocols, false positives due to suboptimal binding and wash- 
ing conditions are difficult to circumvent and may require elaborate adjustments of 
experimental conditions. However, an enrichment of more than 100 to 1000 is rarely 
obtained. The present invention alleviates the problem with false positive being ob- 
tained because the non-specific binding bifunctional complexes to a large extent 
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remain in the reaction chamber. The experiments reported herein suggest that an 
enrichment of more than 10 7 can be obtained. 

The target can be any compound of interest. E.g. the target can be a protein, pep- 
tide, carbohydrate, polysaccharide, glycoprotein, hormone, receptor, antigen, anti- 
body, virus, substrate, metabolite, transition state analogue, cofactor, inhibitor, drug, 
dye. nutrient, growth factor, cell, tissue, etc. without limitation. Suitable targets in- 
clude, but are not limited to. angiotensin converting enzyme, renin, cyclooxygenase. 
5-lipoxygenase. II L- 1 0 converting enzyme, cytokine receptors, PDGF receptor, 
type II inosine monophosphate dehydrogenase, p-lactamases, integrin, proteases 
like factor Vila, kinases like Bcr-Abl/Her. phosphotases like PTP-1B, and fungal cy- 
tochrome P-450. Targets can include, but are not limited to. bradykinin. neutrophil 
elastase, the HIV proteins, including faf, rev. gag, int, RT, nucleocapsk) etc.. VEGF. 
bFGFi TGF p ( KGF, PDGF, GPCR, thrombin, substance P, IgE. sPLA2, red blood 
cells, glioblastomas, fibrin clots, PBMCs, hCG. lectins, selecting cytokines. ICP4. 
complement proteins, etc. 

A target can also be a surface of a non-biological origin, such as a polymer surface 
or a metal surface. The method of the invention may then be used to identify suit- 
able coatings for such surfaces. 

in a preferred embodiment, the desirable molecule acts on the target without any 
interaction between the nucleic acid attached to the desirable molecule and the tar- 
get. In one embodiment, the bound complex-target aggregate can be partitioned 
from unbound bifunctlonal complexes by a number of methods. The methods in- 
clude nitrocellulose filter binding, column chromatography, filtration, affinity chro- 
matography, centrlfugation, and other well known methods. A preferred method is 
size-exclusion chromatography. 

Briefly, the library of Afunctional complexes is subjected to the target, which may 
include contact between the library and a column onto which the target is immob.- 
lised. Identifier polynucleotides associated with undesirable molecules, i.e. mole- 
cules not bound to the target under the stringency conditions used, will pass through 
the column. Additional undesirable molecules (e.g. molecules which cross-react with 
other targets) may be removed by counter-selection methods. Desirable Afunctional 
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complexes are bound to the column. The target may be immobilized in a number of 
ways. In one embodiment, the target is immobilized through a cleavable physical 
link, such as one more chemical bonds. The aggregate of the target and the com- 
plex may then be subjected to a size exclusion chromatography to separate the ag- 
gregate from the rest of the compounds in the media. The comptex may then be 
eluted from the target by changing the conditions (e.g., salt, pH, surfactant, tem- 
perature etc.). Alternatively, the complex may be provided with a cleavable linker, 
preferable orthogonal to the cleavable linker that attached the target to the solid 
support, at a position between the molecule and the identifier polynucleotide. Sub- 
sequent to the size exclusion chromatography this cleavable linker is cleaved to 
separate the identifier polynucleotides of Afunctional complexes having affinity to- 
wards the targets. Just to mention a single type of orthogonal cleavable linkages, 
one could attached to target to the solid support through a linkage that can be 
cleaved by a chemical agent, and the linker separating the molecule and the identi- 
fier polynucleotide may be selected as a photocleavable linkage. More specifically, 
the former linkage may be a disulphide bond that can be cleaved by a suitable re- 
ducing agent like DTT (dithiothreitol) and the latter linkage may be a o-nitrophenyl 
group. 

There are other partitioning and screening processes which are compatible with this 
invention that are known to one of ordinary skill in the art. In one embodiment, the 
products can be fractionated by a number of common methods and then each frac- 
tion is then assayed for activity. The fractionization methods can include size, pH, 
hydrophobicity, etc. 

Inherent in the present method is the selection of molecules on the basis of a de- 
sired function; this can be extended to the selection of molecules with a desired 
function and specificity. Specificity can be required during the selection process by 
first extracting Afunctional complexes which are capable of interacting with a non- 
desired "target" (negative selection, or counter-selection), followed by positive se- 
lection with the desired target. As an example, inhibitors of fungal cytochrome P-450 
are known to cross-react to some extent with mammalian cytochrome P-450 (re- 
sulting In serious side effects). Highly specific inhibitors of the fungal cytochrome 
could be selected from a library by .first removing those bifunctional complexes ca- 
pable of interacting with the mammalian cytochrome, followed by retention of the 
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remaining products which are capable of interacting with the fungal cytochrome. 
Cleavable linkers 

A cleavable linker may be positioned between the target and a solid support or be- 
tween the potential drug candidate and the identifier polynucleotide or any other 
position that may ensure a separation of the identifier polynucleotide from success- 
ful Afunctional complexes from non-specific binding bifunctional complexes. The 
cleavable linker may be selectively cleavable, i.e. conditions may selected that only 
cleave that particular linker. 

The cleavable linkers may be selected from a large plethora of chemical structures. 
Examples of linkers includes, but are not limited to, linkers having an enzymatic 
cleavage site, linkers comprising a chemical degradable component, linkers 
cleavable by electromagnetic radiation. 

Examples of linkers cleavable by electromagnetic radiation (light) 



o-nitrobenzyl 




p-alkoxy 



O R? 




o-nitrobenzyl in exo position 
N0 2 R 

For more details see Holmes CP. J. Org. Chem. 1997, 62, 2370-2380 



3-nitrophenyloxy 



OH 6h 



0 2 N 



hv 
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For more details see Rajasekharan Pillai, V. N. Synthesis. 1980, 1-26 

* 

Dansyl derivatives: 

f 

o=s=o 




For more details see Rajasekharan Pillai, V. N. Synthesis. 1980, 1-26 



Coumarin derivatives 

NR 2 R 3 



R 1 -0 




hv H-NR2R 3 



H-Donor 



For more details see R. O. Sohoenleber. B. Giese. Synlett 2003, 501-504 

R 1 and R 2 can be either of the potential drug candidate and the identifier polynu- 
cleotide, respectively. Alternatively. R 1 and R 2 can be either of the target or a solid 

support, respectively. 
R 3 = H or OCH 3 

If X is O then the product will be a carboxylic acid 
If X Is NH the product will be a carboxamide 

One specific example is the PC Spacer Phosphoramidite (Glen research catalog # 
10-4913-90) which can be introduced in an oligonucleotide during synthesis and 
cleaved by subjecting the sample In water to UV light (- 300-350 ran) for 30 sec- 
onds to 1 minute. 
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DMT = 4,4'-Dimethoxytrityl 
iPr = Isopropyl 
CNEt = Cyanoethyl 



The above PC spacer phosphoamidite is suitable incorporated in a library of Afunc- 
tional complexes at a position between the indentifier and the potential drug candi- 
date. The spacer may be cleaved according to the following reaction. 



R 1 and R 2 can be either of the molecule and the identifying molecule, respectively. 
In a preferred aspect R 2 is an oligonucleotide Identifier polynucleotide and the R 1 is 
the potential drug candidate. When the linker is cleaved a phosphate group is gen- 
erated allowing for further biological reactions. As an example, the phosphate group 
may be positioned in the 5'end of an oligonucleotide allowing for an enzymatic liga- 
tion process to take place. 

Examples of linkers cleavable by chemical agents: 

Ester linkers can be cleaved by nucleophilic attack using e.g. hydroxide ions. In 
practice this can be accomplished by subjecting the target-ligand complex to a base 
for a short period. 
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,3 £4 R? R 4 





Ov. 



>2 



R 1 and R 2 can be the either of be the potential drug candidate or the identifier poly- 
nucleotide, respectively. R 4 " 6 can be any of the following: H, CN. F, N0 2 , S0 2 NR 2 . 

Disulfide linkers can efficiently be cleaved / reduced by Tris (2-carboxyethyl) phos- 
phine (TCEP). TCEP selectively and completely reduces even the most stable wa- 
ter-soluble alkyl disulfides over a wide pH range. These reductions frequently re- 
quired less than 5 minutes at room temperature. TCEP is a non-volatile and odor- 
less reductant and unlike most other reducing agents, it is resistant to air oxidation. 
Trialkylphosphines such as TCEP are stable in aqueous solution, selectively reduce 
disulfide bonds, and are essentially unreactive toward other functional groups com- 
monly found in proteins. 





I QyOH j O^OH 



TCEP 



» 

; 



More details on the reduction of disulfide bonds can be found in Kirley. T.L.(1989). 
Reduction and fluorescent labeling of cyst(e)ine-containing proteins for subsequent 
structural analysis. Anal. Biochem. 180, 231 and Levison. M.E., ef at. (1969), Re- 
duction of biological substances by water-soluble phosphines: Gamma-globulin. 
Experentia 25. 1 26-1 27. 

Linkers cleavable by enzymes 

The linker connecting the potential drug candidate with the identifier polynucleotide 
or the solid support and the target can include a peptide region that allows a specific 
cleavage using a protease. This Is a well-known strategy in molecular biology. Site- 
specific proteases and their cognate target amino acid sequences are often used to 
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remove the fusion protein tags that facilitate enhanced expression, solubility, secre- 
tion or purification of the fusion protein. 

Various proteases can be used to accomplish a specific cleavage. The specificity is 
especially important when the cleavage site is presented together with other se- 
quences such as for example the fusion proteins. Various conditions have been op- 
timized in order to enhance the cleavage efficiency and control the specificity. These 
conditions are available and know in the art. 

Enterokinase is one example of an enzyme (serine protease) that cut a specific 
amino acid sequence. Enterokinase recognition site is Asp-Asp-Asp-Asp-Lys 
(DDDDK), and it cleaves C-termlnally of Lys. Purified recombinant Enterokinase is 
commercially available and is highly active over wide ranges In pH (pH 4.5-9.5) and 
temperature (4-45°C). 

The nuclear inclusion protease from tobacco etch virus (TEV) is another commer- 
cially available and well-characterized proteases that can be used to cut at a specific 
amino acid sequence. TEV protease cleaves the sequence Glu-Asn-Leu-Tyr-Phe- 
Gln-Gly/Ser (ENLYFQG/S) between Gln-Gly or Gln-Ser with high specificity. 

Another well-known protease Is thrombin that specifically cleaves the sequence Leu- 
Val-Pro-Arg-Gly-Ser (LVPAGS) between Arg-Gly. Thrombin has also been used for 
cleavage of recombinant fusion proteins. Other sequences can also be used for 
thrombin cleavage; these sequences are more or less specific and more or less effi- 
ciently cleaved by thrombin. Thrombin is a highly active protease and various reac- 
tion conditions are known to the public. 

Activated coagulation factor FX <FXa) is also known to be a specific and useful pro- 
tease. This enzyme cleaves C-terminal of Arg at the sequence lle-Glu-Gly-Arg 
(IEGR). FXa is frequently used to cut between fusion proteins when producing pro- 
teins with recombinant technology. Other recognition sequences can also be used 
for FXa. 

Other types of proteolytic enzymes can also be used that recognize specific amino 
acid sequences. In addition, proteolytic enzymes that cleave amino acid sequences 
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in an un-specific manner can also be used if only the linker contains an amino acid 
sequence in the complex molecule. 

Other type of molecules such as ribozymes, catalyticaliy active antibodies, or lipases 
can also be used. The only prerequisite is that the catalyticaliy active molecule can 
cleave the specific structure used as the linker, or as a part of the linker, that con- 
nects the encoding region and the displayed molecule or, in the alternative the solid 
support and the target. 

A variety of endonucleases are available that recognize and cleave a double 
stranded nucleic acid having a specific sequence of nucleotides. The endonuclease 
Eco Rl is an example of a nuclease that efficiently cuts a nucleotide sequence linker 
comprising the sequence GAATTC also when this sequence is close to the nucleo- 
tide sequence length. Purified recombinant Eco Rl is commercially available and Is 
highly active in a range of buffer conditions. As an example the Eco Rl is working in 
in various protocols as indicted below (NEBuffer is available from New England 
Biolabs): 

NEBuffer 1 : [10 mM Bis Tris Propane-HCl, 10 mM MgCI 2f 1 mM dithiothreitol (pH 
7.0 at 25 P C)], 

NEBuffer 2 ; [50 mM NaCI, 10 mM Tris-HCI, 10 mM MgCI 2f 1 mM dithiothreitol (pH 
7.9 at 25°C)], 

NEBuffer 3 : [100 mM NaCI, 50 mM Tris-HCI, 10 mM MgCI 2f 1 mM dithiothreitol (pH 
7.9 at 25°C)], 

NEBuffer 4 : [50 mM potassium acetate, 20 mM Tris-acetate, 10 mM magnesium 
acetate, 1 mM dithiothreitol (pH 7.9 at 25°C)l. 

Extension buffer : mM KCI, 20 mM Tris-HCI(Ph 8.8 at 25° C), 10 mM (NH 4 ) 2 S0 4 , 2 
mM MgSO 4 and 0.1% Triton X-100, and 200 pM dNTPs. 

Determining the Identifier polynucleotide 

The nucleotide sequence of the identifier polynucleotide present in the isolated bi- 
functionel molecules or the separated identifiers is determined to identify the chemi- 
cal entities that participated in the binding interaction. The synthesis method of the 
molecule may be established if information on the chemical entities as well as the 
point in time they have been incorporated in the molecule can be deduced from the 
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identifier polynucleotide. It may be sufficient to get information on the chemical 
structure of the various chemical entities that have participated in the molecule to 
deduce the full molecule due to structural constraints during the formation. As an 
example, the use of different kinds of attachment chemistries may ensure that a 
chemical entity on a building block can only be transferred to a single position on a 
scaffold. Another kind of chemical constrains may be present due to steric hindrance 
on the scaffold molecule or the chemical entity to be transferred. In general how- 
ever, H Is preferred that information can be inferred from the identifier polynucleotide 
that enable the identification of each of the chemical entities that have participated in 
the formation of the molecule along with the point in time in the synthesis history the 
chemical entities have been incorporated in the (nascent) molecule. 

Although conventional DNA sequencing methods are readily available and useful for 
this determination, the amount and quality of isolated Afunctional molecule may 
require additional manipulations prior to a sequencing reaction. 

Where the amount is low, it is preferred to increase the amount of the identifier poly- 
nucleotide by polymerase chain reaction (PGR) using PCR primers directed primer 
binding sites present in the identifier polynucleotide. 

In addition, the quality of the isolated Afunctional molecule may be such that multi- 
ple species of bifunctional molecule are co-isolated by virtue of similar capacities for 
binding to the target. In cases where more than one species of bifunctional molecule 
are isolated, the different isolated species must be separated prior to sequencing of 
the identifier oligonucleotide. 

Thus in one embodiment, the different identifier polynucleotides of the isolated bi- 
functional complexes are cloned into separate sequencing vectors prior to deter- 
mining their sequence by DNA sequencing methods. This is typically accomplished 
by amplifying all of the different identifier polynucleotides by PCR as described 
herein, and then using a unique restriction endonuclease sites on the amplified 
product to directionally clone the amplified fragments into sequencing vectors. The 
cloning and sequencing of the amplified fragments then is a routine procedure that 
can be carried out by any of a number of molecular biological methods known in the 
art. 
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Alternatively, the afunctional complex or the PCR amplified identifier polynucleotide 
can be analysed in a micrparray. The array may be designed to analyse the pres- 
ence 6f a single oligonucleotide or multiple oligonucleotides in a identifier polynu- . 
cleotide. 

Synthesis of nucleic acids 

Oligonucleotides can be synthesized by a variety of chemistries as is well known. 
For synthesis of an oligonucleotide on a substrate in the direction of 3' to 5', a free 
hydroxy terminus is required that can be conveniently blocked and deblocked as 
needed. A preferred hydroxy terminus blocking group is a dimexothytrityl ether 
(DMT). DMT blocked termini are first deblocked, such as by treatment with 3% di- 
chloroacetic acid in dichloromethane (DCM) as is well known for oligonucleotide 
synthesis, to form a free hydroxy terminus. 

Nucleotides in precursor form for addition to a free hydroxy terminus in the direction 
of 3' to 5' require a phosphoramidate moiety having an aminodiisopropyl side chain 
at the 3' terminus of a nucleotide. In addition, the free hydroxy of the phosphorami- 
date is blocked with a cyanoethyl ester (OCNET), and the 5' terminus is blocked 
with a DMT ether. The addition of a 5' DMT-. 3' OCNET-blocked phosphoramidate 
nucleotide to a free hydroxyl requires tetrazole in acetonitrile followed by iodine ox.- 
dation and capping of unreacted hydroxyls with acetic anhydride, as is well known 
for oligonucleotide synthesis. The resulting product contains an added nucleotide 
residue with a DMT blocked 5 1 terminus, ready for deblocking and addition of a sub- 
sequent blocked nucleotide as before. 

For synthesis of an oligonucleotide in the direction of 5' to 3\ a free hydroxy termi- 
nus on the linker is required as before. However, the blocked nucleotide to be added 
has the blocking chemistries reversed on Its 5' and 3' termini to facilitate addition in 
the opposite orientation. A nucleotide with a free 3' hydroxyl and 5' DMT ether is first 
blocked at the 3' hydroxy terminus by reaction with TBS-CI in imidazole to form a 
TBS ester at the 3' terminus. Then the DMT-blocked 5' terminus is deblocked with 
DCA in DCM as before to form a free 5' hydroxy terminus. The reagent (N.N- 
diisopropylamlno)(cyanoethyl) phosphonamidic chloride having an aminodiisopropyl 
group and an OCNET ester is reacted in tetrahydrofuran (THF) with the 5' de 
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blocked nucleotide to form the amlnodiisopropyl-, OCNET-blocked phosphonaml- 
date group on the 5 1 terminus. Thereafter the 3* TBS ester is removed with tetrabu- 
tylammonium fluoride (TBAF) In DCM to form a nucleotide with the phosphonami- 
date-blocked 5 f terminus and a free 3' hydroxy terminus. Reaction In base with 
DMT-CI adds a DMT ether blocking group to the 3* hydroxy terminus. 

The addition of the 3 1 DMT-, 5* OCNET-blocked phosphonamidated nucleotide to a 
linker substrate having a free hydroxy terminus then proceeds using the previous 
tetrazole reaction, as is well known for oligonucleotide polymerization. The resulting 
product contains an added nucleotide residue with a DMT-blocked 3' terminus, 
ready for deblocking with DCA in DCM and the addition of a subsequent blocked 
nucleotide as before. 

Extension and amplification 

The use of the polymerase chain reaction (PGR) is a preferred embodiment, for the 
production of the Identifiers using the nucleic acids of the selected Afunctional com- 
plexes as identifiers. 

For use in this invention, the Identifier polynucleotides are preferably comprised of 
polynucleotide coding strands, such as mRNA and/or the sense strand of genomic 
DNA or non-natural nucleic acids, like TNA and LNA which may be used as tem- 
plate for a polymerase. If the genetic material to be processed is in the form of dou- 
ble stranded nucleic acid, it is usually first denatured, typically by melting, into single 
strands. The nucleic acid is subjected to a PCR reaction by treating (contacting) the 
sample with a PCR primer pair, each member of the pair having a preselected nu- 
cleotide sequence. The PCR primer pair is capable of initiating primer extension 
reactions by hybridizing to the PCR primer binding site on identifier oligonucleotide, 
preferably at least about 10 nucleotides in length, more preferably at least about 12 
nucleotides in length. The first primer of a PCR primer pair Is sometimes referred to 
as the "anti-sense primer" because it is extended into a non-coding or anti-sense 
strand of a nucleic acid, i.e., a strand complementary to a coding strand. The sec- 
ond primer of a PCR primer pair is sometimes referred to as the "sense primer" be- 
cause it is adjoined with the coding or sense strand of a nucleic acid. 

The PCR reaction is performed by mixing the PCR primer pair, preferably a prede 
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termined amount thereof, with the nucleic acids of the sample, preferably a prede- 
termined amount thereof, In a PCR buffer to form a PGR reaction admixture. The 
admixture is thermocycled for a number of cycles, which is typically predetermined, 
sufficient for the formation of a PCR reaction product, thereby amplifiyng the identifi- 
ers in the isolated complex. 

PCR is typically carried out by thermocycling i.e., repeatedly increasing and de- 
creasing the temperature of a PCR reaction admixture within a temperature range 
whose lower limit is about 30 degrees Celsius (30* C.) to about 55° C. and whose 
upper limit is about 90° C. to about 100° C. The increasing and decreasing can be 
continuous, but is preferably phasic with time periods of relative temperature stability 
at each of temperatures favoring polynucleotide synthesis, denaturation and hybridi- 
zation. 

A plurality of first primer and/or a plurality of second primers can be used in each 
amplification, e.g., one species of first primer can be paired with a number of differ- 
ent second primers to form several different primer pairs. Alternatively, an individual 
pair of first and second primers can be used. In any case, the amplification products 
of amplifications using the same or different combinations of first and second prim- 
ers can be combined for assaying for mutations. 

The PCR reaction is performed using any suitable method. Generally it occurs in a 
buffered aqueous solution, i.e., a PCR buffer, preferably at a pH of 7-9, most pref- 
erably about 8. Preferably, a molar excess of the primer is admixed to the buffer 
containing the identifier strand. A large molar excess is preferred to improve the 
efficiency of the process. 

The PCR buffer also contains the deoxyribonucleotlde triphosphates (polynucleotide 
synthesis substrates) dATP, dCTP, dGTP, and dTTP and a polymerase, typically 
thermostable, all in adequate amounts for primer extension (polynucleotide synthe- 
sis) reaction. The resulting solution (PCR admixture) is heated to about 90° C.-100 0 
C. for about 1 to 10 minutes, preferably from 1 to 4 minutes. After this heating period 
the solution Is allowed to cool to a primer hybridization temperature. The synthesis 
reaction may occur at from room temperature up to a temperature above which the 
polymerase (inducing agent) no longer functions efficiently. Thus, for example, if 
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DNA polymerase Is used as inducing agent, the temperature is generally no greater 
than about 40° C. The thermocycling Is repeated until the desired amount of PGR 
product is produced. An exemplary PCR buffer comprises the following: 50 mM KCI; 
10 mM Tris-HCI at pH 8.3; 1.5 mM MgCI2 ; 0.001% (wt/vol) gelatin, 200 pM dATP; 
200 pM dTTP; 200 pM dCTP; 200 pM dGTP; and 2.5 units Thermus aquaticus (Taq) 
DMA polymerase I (U.S. Pat No. 4,689,818) per 100 microliters (pi) of buffer. 

The inducing agent may be any compound or system which will function to accom- 
plish the synthesis of primer extension products, including enzymes. Suitable en- 
zymes for this purpose include, for example, E. coli DNA polymerase I, Klenow 
fragment of E. coli DNA polymerase I, T4 DNA polymerase, Taq DNA polymerase, 
Pfu polymerase, Vent polymerase. HIV-1 Reverse Transcriptase, other available 
DNA polymerases, reverse transcriptase, and other enzymes, including heat-stable 
enzymes, which will facilitate combination of the nucleotides in the proper manner to 
form the primer extension products which are complementary to each nucleic acid 
strand. Generally, the synthesis will be initiated at the 3' end of each primer and 
proceed in the 5 1 direction along the identifier strand, until synthesis terminates, pro- 
ducing molecules of different lengths. There may be inducing agents, however, 
which initiate synthesis at the 5' end and proceed in the above direction, using the 
same process as described above. 

The inducing agent aiso may be a compound or system which will function to ac- 
complish the synthesis of RNA primer extension products, including enzymes. In 
preferred embodiments, the inducing agent may be a DNA-dependent RNA poly- 
merase such as T7 RNA polymerase, T3 RNA polymerase or SP6 RNA polymerase. 
These polymerases produce a complementary RNA polynucleotide. The high turn- 
over rate of the RNA polymerase amplifies the starting polynucleotide as has been 
described by Chamberlin et al., The Enzymes, ed. P. Boyer, pp. 87-108, Academic 
Press, New York <1982). Amplification systems based on transcription have been 
described by Gingeras et al., in PCR Protocols, A Guide to Methods and Applica- 
tions, pp. 245-252, Innis et al., eds, Academic Press, Inc., San Diego, Calif. (1990). 

If the inducing agent is a DNA-dependent RNA polymerase and, therefore Incorpo- 
.rates ribonucleotide triphosphates, sufficient amounts of ATP, CTP, GTP and UTP 
are admixed to the primer extension reaction admixture and the resulting solution is 
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treated as described above. 

The newly synthesized strand and its complementary nucleic acid strand form a 
double-stranded molecule which can be used In the succeeding steps of the 
method. PCR amplification methods are described in detail in U.S. Pat. Nos. 
4,683,192, 4,683,202, 4,800,159, and 4,965,188, and at least in several texts in- 
cluding PCR Technology: Principles and Applications for DNA Amplification, H. Er- 
lich, ed., Stockton Press, New York (1989); and PCR Protocols: A Guide to Methods 
and Applications, Innis et al„ eds., Academic Press, San Diego, Calif. (1990). The 
term "primer" as used herein refers to a polynucleotide whether purified from a nu- 
oleic acid restriction digest or produced synthetically, which is capable of acting as a 
point of initiation of nucleic acid synthesis when placed under conditions in which 
synthesis of a primer extension product which is complementary to a nucleic acid 
strand is induced, i.e., in the presence of nucleotides and an agent for polymeriza- 
tion such as DNA polymerase, reverse transcriptase and the like, and at a suitable 
temperature and pH. The primer is preferably single stranded for maximum effi- 
ciency, but may alternatively be in double stranded form. If double stranded, the 
primer is first treated to separate it from its complementary strand before being used 
to prepare extension products. Preferably, the primer is a polydeoxyribonucleotide. 
The primer must be sufficiently long to prime the synthesis of extension products in 
the presence of the agents for polymerization. The exact lengths of the primers will 
depend on many factors, including temperature and the source of primer. For exam- 
ple, depending on the complexity of the target sequence, a polynucleotide primer 
typically contains 10 to 25 or more nucleotides, although it can contain fewer nu- 
cleotides. Short primer molecules generally require cooler temperatures to form suf- 
ficiently stable hybrid Afunctional complexes with identifier. 

The primers used herein are selected to be "substantially" complementary to the 
different strands of each specific sequence to be synthesized or amplified. This 
means that the primer must be sufficiently complementary to non-randomly hybrid- 
ize with its respective identifier strand. Therefore, the primer sequence may or may 
not reflect the exact sequence of the identifier. For example, a non-complementary 
nucleic acid can be attached to the 5* end of the primer, with the remainder of the 
primer sequence being substantially complementary to the strand. Such non- 
complementary fragments typically code for an endonuclease restriction site or used 
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as a linker to connect to a label, such as blotln. 



Primers of the present invention may also contain a DNA-dependent RNA polymer- 
ase promoter sequence or its complement. See for example, Krieg et aL, Nucl. A- 
cids Res., 12:7057-70 (1984); Studieret aL. J. Mol. Biol., 189:113-130 (1986); and 
Molecular Cloning: A Laboratory Manual, Second Edition, Maniatis et aL, eds., Cold 
Spring Harbor, N.Y. (1 989). 

When a primer containing a DNA-dependent RNA polymerase promoter is used, the 
primer is hybridized to the polynucleotide strand to be amplified and the second 
polynucleotide strand of the DNA-dependent RNA polymerase promoter is com- 
pleted using an inducing agent such as E. coli DNA polymerase I. or the Klenow 
fragment of E. coli DNA polymerase. The starting polynucleotide is amplified by al- 
ternating between the production of an RNA polynucleotide and DNA polynucleo- 
tide. This may be used for selective degradation of the RNA strand, which is prone 
to disintegration upon treatment with a strong base. 

Primers may also contain a identifier polynucleotide or replication initiation site for a 
RNA-directed RNA polymerase. Typical RNA-directed RNA polymerase include the 
QB replicase described by Lizardi et aL. Biotechnology. 6:1197-1202 (1988). RNA- 
directed polymerases produce large numbers of RNA strands from a small number 
of identifier RNA strands that contain a identifier polynucleotide or replication initia- 
tion site. These polymerases typically give a one million-fold amplification of the 
identifier strand as has been described by Kramer et aL. J. Mol. BioL, 89:719-736 
(1974). 

In one embodiment, the present Invention utilizes a set of polynucleotides that form 
primers having a priming region located at the S'-termlnus of the primer. The 3'- 
lerminal priming portion of each primer is capable of acting as a primer to catalyze 
nucleic acid synthesis. Le., initiate a primer extension reaction off its 3' tenminus. 
One or both of the primers can additionally contain a 5'-terminal non-priming portion, 
i.e., a region that does not participate in hybridization to the preferred identifier. The 
5'-part of the primer may be labelled as described herein above. 
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Claims 

1 . A method for synthesising one or more Afunctional complexes each comprising 
a) a molecule resulting from the reaction of a plurality of chemical entities and b) 
an identifier polynucleotide identifying one or more or all of the chemical entities 
having participated in the synthesis of the molecule, said method comprising the 
steps of 

I) providing a plurality of building blocks at least some of which comprise 
one or more chemical entities linked to an identifier oligonucleotide, 

ii) providing one or more connector oligonucleotides capable of hybridising 
to the identifier oligonucleotides of the building blocks provided in step i), 

Hi) hybridising identifier polynucleotides of the building blocks to the one or 
more connector oligonucleotides. 

iv) ligating Identifier oligonucleotides hybridised to connector 
oligonucleotide(s). thereby generating an identifier polynucleotide 
comprising covalently linked identifier oligonucleotides at least some of 
which are linked to one or more chemical entities, 

v) separating the identifier polynucleotide from the one or more optionally 
ligated connector oligonucleotide(s), 

vi) reacting the chemical entities linked to the identifier polynucleotide, and 

vii) obtainining a Afunctional complex comprising a molecule resulting from 
the reaction of the chemical entities, said molecule being linked to an 
identifier polynucleotide identifying at least some and preferably all of the 
chemical entities having participated in the synthesis of the molecule. 

2. The method of claim 1 . wherein at least one building block identifier 

oligonucleotide or at least one connector oligonucleotide is attached to a solid 
support. 
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The method of claim 1 comprising the further steps of 

immobilising at least one building block to a solid support, 

hybridising said immobilized building block oligonucleotide to a first connector 
oligonucleotide, 

hybridising at least one additional building block oligonucleotide to said first 
connector oligonucleotide, 

ligating building block oligonucleotides hybridised to the connector 
oligonucleotide, 

separating the connector oligonucleotide from the ligated building block 
oligonucleotides, 

reacting one or more chemical entities associated with different, ligated and 
separated building block oligonucleotides, 

obtaining a first Afunctional complex comprising a first molecule, or first 
molecule precursor, linked to a first identifier polynucleotide identifying at least 
some of the chemical entities having participated in the synthesis of the 
molecule, or molecule precursor, 

wherein said first Afunctional complex is optionally immobilised to the solid 
support. 

4. The method of claim 3, wherein said chemical entities are reacted In a reaction 
compartment from which the connector oligonucleotide has been removed in a 
washing and/or separation step prior to the reaction of said chemical entities. 

5. The method of claims 3 or 4 comprising the further steps of 
providing a second connector oligonucleotide. 
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hybridising said second connector oligonucleotide to the identifier polynucleotide 
of said first bifunctional complex comprising a first molecule precursor, 

hybridising at least one further oligonucleotide of a building block to said second 
connector oligonucleotide, 

llgating building block oligonucleotides hybridised to the second connector 
oligonucleotide, wherein at least one of said building block oligonucleotides are 
hybridised to the first identifier polynucleotide, 

separating the second connector oligonucleotide from the ligated building block 
oligonucleotides, for example by diverting the second connector oligonucleotide 
to another compartment, 

reacting the first molecule precursor with the one or more chemical entities 
associated with the ligated building block oligonucleotide^), 

obtaining a second bifunctional complex comprising a second molecule, or 
second molecule precursor, linked to a second Identifier polynucleotide 
identifying at least some of the chemical entities having participated in the 
synthesis of the second molecule, or second molecule precursor, 

wherein said second bifunctional complex Is optionally immobilised to a solid 
support. 

6. The method of claim 5, wherein each step is repeated for different connector 
oligonucleotides and different further building blocks. 

7. The method of any of claims 1 to 6, wherein said bifunctional complex, or a 
plurality of such complexes, is released from the solid support to which it is 
immobilised. 



8. The method of any of claims 1 to 7, 
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wherein different Afunctional complexes are generated in different reaction 
compartments, 

i 

wherein at least some of said different Afunctional complexes are combined in a 
further reaction compartment comprising a plurality of further connector 
oligonucleotides, 

wherein at least two of said different bifunctional complexes hybridise to a 
further connector oligonucleotide, 

wherein the molecule precursor part of said complexes react, thereby generating 
a further molecule in the form of a reaction product, 

wherein the identifier polynucleotides of said bifunctional complexes are 
optionally covalently linked prior to, or after, the reaction of the molecule 
precursors, 

wherein the covalently linked identifier polynucleotides are optionally separated 
from the further connector oligonucleotide prior to or after reaction of said 
molecule precursors. 

9. A method for synthesising a bifunctional complex comprising a molecule 
resulting from the reaction of a plurality of chemical entities, wherein said 
molecule is linked to an identifier polynucleotide identifying one or more of the 
chemical entities having participated in the synthesis of the molecule, said 
method comprising the steps of 

i) providing a plurality of building blocks selected from the group con- 
sisting of 

a) building blocks comprising an identifier oligonucleotide linked to 
one or more chemical entities, 

b) building blocks comprising an identifier oligonucleotide linked to 
one or more reactive groups, and 
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c) building blocks comprising an identifier oligonucleotide comprising 
a spacer or hybridisation region, wherein said building blocks 
comprising a spacer or hybridisation region are preferably con- 
nector oligonucleotides to which building blocks of groups a) and 
b) can hybridise, 

generating a hybridisation complex comprising at least n building 
blocks by hybridising the Identifier oligonucleotide of one building 
block to the identifier oligonucleotide of at least one other building 
block, 

wherein n is an Integer of 4 or more 

wherein at least 3 of said at least n building blocks comprise a 
chemical entity, 

. wherein no single identifier oligonucleotide is hybridised to all of the 
remaining identifier oligonucleotides, 

wherein optionally at least one of said building blocks of group c) is 
immobilised to a solid support, thereby providing a handle to which 
an oligonucleotide of at least one building block of groups a) or b) can 
hybridise, 

covalently linking identifier oligonucleotides of building blocks 
comprising one or more chemical entities, thereby obtaining an 
identifier polynucleotide comprising covalently linked identifier 
oligonucleotides each associated with one or more chemical entities, 

optionally separating said identifier polynucleotide obtained in step iii) 
from any optionally immobilised connector oligonucleotides 
hybridised thereto, wherein said separation optionally comprises the 
step of diverting said identifier polynucleotide comprising covalently 
linked identifier oligonucleotides each associated with one or more 
chemical entities to a different reaction compartment, thereby 
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separating said identifier polynucleotide from said optionally 
Immobilised connector oligonucleotides 

v) reacting said at least 3 chemical entities linked to the identifier 
polynucleotide, and 

vi) obtaining a Afunctional complex comprising a molecule resulting from 
the reaction of a plurality of chemical entities, wherein said molecule 
is linked to an identifier polynucleotide identifying one or more of the 
chemical entities having participated in the synthesis of the molecule. 

10. The method of claim 9 wherein a plurality of different Afunctional complexes is 
obtained by repeating the method steps for different building blocks. 

1 1 . The method of any of claims 9 and 10. comprising reacting at least 3 chemical 
entities, such as at least 4 chemical entities, for example at least 5 chemical 
entities, such as at least 6 chemical entities. 

1 2. The method of any of claims 1 to 1 1 , 

wherein a plurality of molecules are synthesised. 

wherein the plurality of synthesised molecules are selected from the group con- 
sisting of a-peptldes, B-peptfdes, Y -peptides. ©-peptides, mono-, di- and tri- 
substituted «.peptldes, p-peptides, ^peptides, ^peptides, peptides wherein the 
amino acid residues are in the L-form or in the D-form, vinylogous polypeptides, 
glycopoly-peptides, polyamides. vinylogous sulfonamide peptides, polysulfona- 
mides, conjugated peptides comprising e.g. prosthetic groups, polyesters, poly- 
saccharides, polycarbamates, polycarbonates, polyureas. polypeptidylphospho- 
nates. polyurethanes. azatides. oligo N-substituted glycines, polyethers, eth- 
oxyformacetal oligomers, poly-thioethers. polyethylene glycols (PEG), polyethyl- 
enes, polydisulfides. polyarylene sulfides, polynucleotides, PNAs. LNAs. mor- 
pholinos, oligo pyrrolinones, polyoximes. polyimines, polyethyleneimines. poly- 
Imides, polyacetals. polyacetates. polystyrenes, polyvinyl, lipids, phospholipids, 
giycolipids, polycyclic compounds comprising e.g. aliphatic or aromatic cycles. 
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including polyheterocyclic compounds, proteoglycans, and polysiloxanes, in- 
cluding any combination thereof, 

wherein each molecule is synthesised by reacting a plurality of chemical entiti- 
espreferably in the range of from 2 to 200, for example from 2 to 100, such as 
from 2 to 80, for example from 2 to 60, such as from 2 to 40, for example from 2 
to 30, such as from 2 to 20, for example from 2 to 15, such as from 2 to 10, such 
as from 2 to 8, for example from 2 to 6, such as from 2 to 4, for example 2, such 
as from 3 to 100, for example from 3 to 80, such as from 3 to 60, such as from 3 
to 40, for example from 3 to 30, such as from 3 to 20, such as from 3 to 15, for 
example from 3 to 15, such as from 3 to 10, such as from 3 to 8, for example 
from 3 to 6, such as from 3 to 4, for example 3, such as from 4 to 100, for exam- 
ple from 4 to 80, such as from 4 to 60, such as from 4 to 40, for example from 4 
to 30, such as from 4 to 20, such as from 4 to 15, for example from 4 to 10, such 
as from 4 to 8, such as from 4 to 6. for example 4, for example from 5 to 100, 
such as from 5 to 80, for example from 5 to 60, such as from 5 to 40, for exam- 
ple from 5 to 30. such as from 5 to 20, for example from 5 to 15, such as from 5 
to 10. such as from 5 to 8, for example from 5 to 6. for example 5, such as from 
6 to 100, for example from 6 to 80, such as from 6 to 60, such as from 6 to 40, 
for example from 6 to 30, such as from 6 to 20, such as from 6 to 15, for exam- 
ple from 6 to 10, such as from 6 to 8, such as 6, for example from 7 to 100, such 
as from 7 to 80, for example from 7 to 60, such as from 7 to 40, for example 
from 7 to 30, such as from 7 to 20, for example from 7 to 15, such as from 7 to 
10, such as from 7 to 8, for example 7, for example from 8 to 100, such as from 
8 to 80, for example from 8 to 60, such as from 8 to 40, for example from 8 to 
30, such as from 8 to 20, for example from 8 to 15, such as from 8 to 10, such 
as 8, for example 9, for example from 10 to 100, such as from 10 to 80. for ex- 
ample from 10 to 60, such as from 10 to 40, for example from 10 to 30. such as 
from 10 to 20, for example from 10 to 15, such as from 10 to 12, such as 10, for 
example from 12 to 100, such as from 12 to 80, for example from 12 to 60, such 
as from 12 to 40, for example from 12 to 30, such as from 12 to 20, for example 
from 12 to 15, such as from 14 to 100, such as from 14 to 80, for example from 
14 to 60, such as from 14 to 40, for example from 14 to 30, such as from 14 to 
20, for example from 14 to 16, such as from 16 to 100, such as from 16 to 80, for 
example from 16 to 60, such as from 16 to 40, for example from 16 to 30, such 
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as from 16 to 20, such as from 18 to 100, such as from 18 to 80, for example 
from 18 to 60, such as from 18 to 40, for example from 18 to 30, such as from 18 
to 20, for example from 20 to 100, such as from 20 to 80, for example from 20 to 
60, such as from 20 to 40, for example from 20 to 30, such as from 20 to 25, for 

* 

example from 22 to 100, such as from 22 to 80, for example from 22 to 60, such 
as from 22 to 40, for example from 22 to 30, such as from 22 to 25, for example 
from 25 to 100, such as from 25 to 80, for example from 25 to 60, such as from 
25 to 40, for example from 25 to 30, such as from 30 to 100, for example from 
30 to 80, such as from 30 to 60, for example from 30 to 40, such as from 30 to 
35, for example from 35 to 100, such as from 35 to 80, for example from 35 to 
60, such as from 35 to 40, for example from 40 to 100, such as from 40 to 80, for 
example from 40 to 60, such as from 40 to 50, for example from 40 to 45, such 
as from 45 to 100, for example from 45 to 80, such as from 45 to 60, for example 
from 45 to 50, such as from 50 to 100, for example from 50 to 80, such as from 
50 to 60, for example from 50 to 55, such as from 60 to 100, for example from 
60 to 80, such as from 60 to 70, for example from 70 to 100, such as from 70 to 
90, for example from 70 to 80, such as from 80 to 100, for example from 80 to 
90, such as from 90 to 100. 

13. The method of any of claims 1 to 12, wherein the molecule is a small molecule 
comprising a plurality of functional groups generating by reaction of a plurality of 
chemical entities, wherein said functional groups are linked by covalent bonds 
comprising one or more chemical bonds selected from the group consisting of 
peptide bonds, sulfonamide bonds, ester bonds, saccharide bonds, carbamate 
bonds, carbonate bonds, urea bonds, phosphonate bonds.urethane bonds, 
azatide bonds, peptotd bonds, ether bonds, ethoxy bonds, thioether bonds, 
single cartoon bonds, double carbon bonds, triple carbon bonds, disulfide bonds, 
sulfide bonds, phosphodiester bonds, oxime bonds, imine bonds, imide bonds, 
including any combination thereof. 

■ 

14. The method of any of claims 1 to 12, wherein the molecule is a small molecule 
comprising a plurality of functional groups generating by reaction of a plurality of 
chemical entities, wherein said functional groups are linked by covalent bonds 
comprising one or more chemical bonds selected from the group consisting of - 
NHN(R)CO- ; -NHB(R)CO- ; -NHC(RR')CO- ; -NHC(=CHR)CO- ; -NHC 6 H 4 CO-; - 
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NHCH 2 CHRCO-; -NHCHRCH 2 CO ; -COCH r ; -COS- ; -CONR- ; -COO- ; - 
CSNH- ; -CH 2 NH- ; -CH 2 CHz- ; -CH 2 S- ; -CH 2 SO- ; -CHaSOa- ; -CH(CH 3 )S- ; - 
CH=CH- ; -NHCO- ; -NHCONH- ; -CON HO- ; -C( =CH 2 )CH 2 - ; -P0 2 NH- ; -P0 2 
CH 2 - ; -P0 2 CH 2 N*- ; -S0 2 NH~- ; and lactams, Including any combination thereof. 

15. The method of any of claims 1 to 14, wherein said method results in the 
synthesis of more than or about 10 3 different molecules, such as more than or 
about 10 4 different molecules, for example more than or about 10 6 different 
molecules, such as more than or about 10 6 different molecules, for example 
more than or about 1 0 7 different molecules, such as more than or about 1 0 8 
different molecules, for example more than or about 10 9 different molecules, 
such as more than or about 10 10 different molecules, for example more than or 
about 10 11 different molecules, such as more than or about 10 12 different 
molecules, for example more than or about 10 13 different molecules, such as 
more than or about 10 14 different molecules, for example more than or about 
10 15 different molecules, such as more than or about 10 16 different molecutes, for 
example more than or about 10 17 different molecules, such as more than or 
about 10 18 different molecutes. 

16. The method of any of claims 1 to 14, wherein the molecule comprises covalently 
linked, functional groups, and wherein the molecule does not comprise or 
consist of an a-peptide. 

17. The method of any of claims 1 to 14, wherein the molecule comprises covalently 
linked, functional groups, and wherein the molecule does not comprise or 
consist of a monosubstituted a-peptlde. 

18. The method of any of claims 1 to 14, wherein the molecule comprises covalently 
linked, functional groups, and wherein the molecule does not comprise or 
consist of a nucleotide. 

19. The method of any of claims 1 to 14, wherein the molecule comprises covalently 
linked, functional groups, and wherein the identifier polynucleotide is not a 
natural nucleotide when the molecule is an a-peptide. 
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20. The method of any of claims 1 to 14, wherein the molecule comprises covalently 
linked, functional groups, and wherein the Identifier polynucleotide does not 
consist exclusively of natural nucleotides, when the molecule is a peptide 
comprising exclusively monosubstituted a-amino acids. 

< 

21 . The method of any of claims 1 to 14, wherein the molecute comprises covalently 
linked, functional groups, and wherein the identifier polynucleotide does not 
consist entirely of natural nucleotides, when the molecule is a natural a-peptide. 

22. The method of any of claims 1 to 14, wherein the molecule comprises covalently 
linked, functional groups, and wherein the identifier polynucleotide comprises 
non-natural nucleotides, when the molecule is a natural a-peptide. 

23. The method of any of claims 1 to 14, wherein the molecule comprises covalently 
linked, functional groups, and wherein the identifier polynucleotide does not 
consist of natural nucleotides, when the molecule Is a monosubstituted o- 
peptlde. 

24. The method of any of claims 1 to 14, wherein the molecule comprises covalently 
linked, functional groups, and wherein the identifier polynucleotide does not 
consist of natural nucleotides, when the molecule is an a-peptide. 

25. The method of any of claims 1 to 14, wherein the molecule comprises covalently 
linked, functional groups, and wherein the identifier polynucleotide is not a 
natural nucleotide, when the molecule Is a peptide. 

■ 

26. The method of any of claims 1 to 14. wherein the molecule is an oligomer or a 
polymer comprising at least one repetitive sequence of functional groups. 

27. The method of any of claims 1 to 14. wherein the molecule comprises at least 
three functional groups. 

28. The method of any of claims 1 to 14, wherein the molecule comprises a scaffold 
portion or residue the reactive sites of which reacted with the building block 
chemical entities during the synthesis of the molecule. 
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29. The method of any of claims 1 to 14, wherein the molecule comprises or 
consists of amino acids selected from the group consisting of a-amino acids, p- 
amino acids, y-amino acids, co-amlno acids. 

30. The method of any of claims 1 to 14, wherein the molecule comprises or 
consists of natural amino acid residues. 

31. The method of any of claims 1 to 14, wherein the molecule comprises or 
consists of a-amino acids. 

32. The method of any of claims 1 to 14, wherein the molecule comprises or 
consists of monosubstituted a-amino acids. 

33. The method of any of claims 1 to 14, wherein the molecule comprises or 
consists of disubstituted a-amino acids. 

34. The method of any of claims 1 to 14, wherein the molecule comprises or 
consists of monosubstituted p-amino acids. 

35. The method of any of claims 1 to 14, wherein the molecule comprises or 
consists of disubstituted p-amino acids. 

36. The method of any of claims 1 to 14, wherein the molecule comprises or 
consists of trisubstituted p-amino acids. 

r 

K 

37. The method of any of claims 1 to 14, wherein the molecule comprises or 
consists of tetrasubstituted p-amino acids. 

38. The molecule of any of claims 1 to 14, wherein the backbone structure of said p- 
amino acids comprises or consists of a cyclohexane-backbone and/or a 
cyclopentane-backbone. 
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39. The method of any of claims 1 to 14, wherein the molecule comprises or 
consists of y-amino acids. 

40. The method of any of claims 1 to 14, wherein the molecule comprises or 
consists of o>-amino acids. 

41 . The method of any of claims 1 to 14, wherein the molecule comprises or 
consists of vinylogous amino acids. 

42. The method of any of claims 1 to 14, wherein the molecule comprises or 
consists of N-substituted glycines. 

43. The method of any of claims 1 to 14, the molecule comprises or consists of at 
least 2 different functional groups, such as at least 3 different functional groups, 
for example at least 4 different functional groups, such as at least 5 different 
functional groups, for example at least 6 different functional groups, such as at 
least 7 different functional groups, for example at least 8 different functional 
groups, such as at least 9 different functional groups, for example at least 10 
different functional groups, such as more than 10 different functional groups. 

44. The method of any of claims 1 to 14, wherein the hybridisation of a first building 
block oligonucleotide to a first connector oligonucleotide occurs sequentially or 
simultaneously with the hybridisation of a second building block oligonucleotide 
to a second connector oligonucleotide. 

* 

45. The method of any of claims 1 to 14, wherein the immobilisation of the at least 
one building block or connector oligonucleotide is formed by association of an 
affinity pair of binding partners associated to the at least one building block or 
connector oligonucleotide and to a solid support, respectively. 

46. The method of any of claims 1 to 14, wherein the reaction of chemical entities 
Involve at least two reactive groups of at least one chemical entity. 

47. The method of any of claims 1 to 14, wherein each connector oligonucleotide 
comprises or consists of a sequence of nucleotides. 
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48. The method of any of claims 1 to 14, wherein each connector oligonucleotide 
comprises from 3 to 30 nucleotides. 

49. The method of any of claims 1 to 14, wherein the identifier polynucleotide further 
comprises one or more priming regions or regions capable of self-hybridisation 

50. The method of any of claims 1 to 14, wherein the identifier polynucleotide further 
comprises two PGR priming regions for amplification of the template. 

51 . The method of any of claims 1 to 14, wherein a plurality of building blocks each 
comprise a building block oligonucleotide covalently linked to at least one 
chemical entity. 

52. The method of any of claims 1 to 14, wherein at least one of said building blocks 
comprise a chemical entity comprising a scaffold moiety comprising a plurality of 
reactive groups. 

53. The method of claim 52, wherein said scaffold moiety reactive groups react with 
one or more chemical entities of a single building block, or one or more chemical 
entities of different building blocks. 

54. The method of claims 1 to 14, wherein the chemical entity of at least one 
building block is transfered to a recipient reactive group of a chemical entity of 
another building block, such as a chemical entity comprising a scaffold moiety 
comprising a plurality of reactive groups. 

55. The method of any of claims 1 to 14, wherein at least one of said chemical 
entities are selectively cleaved from the building block oligonucleotide of the 
building block to which is was initially attached. 

56. The method of any of claims 1 to 14, wherein at least one chemical entity is 

• simultaneously reacted with a reactive group of a recipient chemical entity and 
cleaved from the building block oligonucleotide to which the chemical entity is 
associated. 
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57. The method of any of claims 1 to 14, wherein at least one chemical entity forms 
one member of an affinity pair with another chemical entity. 

5 58. The method of claim 57, wherein one of the affinity pairs is selected from biotin 
and dinitrophenol, and any derivative thereof capable of forming an affinity pair 
with a binding partner capable of forming said affinity pair with biotin and/or 
dinitrophenol. 

10 59. The method of any of claims 1 to 14, wherein a building block oligonucleotide or 
a connector oligonucleotide is protected at the 3* end and/or the 5' end by a 
protection group. 

60. The method of claim 59 f wherein at least one building block oligonucleotide or 
15 connector oligonucleotide is attached to a solid support through the 3' end 

protection group or the 5' end protection group. 

61 . The method of any of claims 59 and 60, wherein the protection group is photo- 
cleavable and cleaved by exposure to UV light. 
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62. The method of claim 59, wherein a phosphate group is formed at the 5' end of 
an building block oligonucleotide following deprotection thereof, thereby 
converting the building block oligonucleotide to a substrate for an enzyme 
comprising a Ugase activity. 



63. The method of any of claims 1 to 14, wherein a plurality of building blocks are 
provided, and wherein at least a first subset of said plurality of building blocks 
are provided sequentially and/or sequentially hybridised to one or more 
connector oligonucleotides, wherein said sequentially provided and/or hybridised 
30 building block oligonucleotides are subsequently ligated, and wherein chemical 

entities of said first subset of sequentially provided building blocks react before a 
further subset of building blocks are provided and/or hybridised to the same or 
different connector oligonucleotides as was hybridised to the first subset of 
building block oligonucleotides. 

35 
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64. The method of any of claims 1 to 14, wherein all building block oligonucleotides 
are hybridised to one or more connector oligonucleotides simultaneously or in a 
single batch reaction. 

65. The method of any of claims 1 to 14, wherein all building block oligonucleotides 
are ligated before any chemical entities are reacted. 

66. The method of any of claims 1 to 14, wherein at least some neighbouring 
building block oligonucleotides are ligated by a chemical ligation reaction, 
thereby covalently linking said neighbouring building block oligonucleotides. 

67. The method of claim 66, wherein building block oligonucleotides linked by 
chemical ligation are selected from the group consisting of 

first oligonucleotides comprising a 3'-OH group and second oligonucleotides 
comprising a 5'phosphor-2-methylimidazole group, which groups are reacted to 
form a phosphodiester internucleoside linkage, 

first oligonucleotides comprising a phosphoimidazolide group at the 3'-end and a 
phosphoimidazolide group at the 5-end, which groups are reacted to form a 
phosphodisester internucleoside linkage, 

first oligonucleotides comprising a 3'-phospborothioate group and second 
oligonucleotides comprising a 5-iodine group, which groups are reacted to form 
the internucleoside linkage S'-O-P^OXOH^S-S', and 

first oligonucleotides comprising a 3-phosphorothioate group and second 
oligonucleotides comprising a 5-tosylate, which groups are reacted to form the 
internucleoside linkage 3-0-P(=0)(OH>-S-5'. 

68. The method of any of claims 1 to 14, wherein at least some building block 
oligonucleotides are ligated to the building block oligonucleotide of a 
neighbouring building block by a llgase, thereby covalently linking said building 
block oligonucleotides. 
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69. The method of claim 68, wherein the ligase is selected from the group consisting 
of DNA ligase and RNA ligase. 

♦ 

70. The method of claim 69, wherein the DNA ligase is selected from the group 
consisting of Taq DNA ligase, T4 DNA ligase, T7 DNA ligase, and E. coli DNA 
ligase. 

71 . The method of any of the preceding claims, wherein the separation of the 
identifier polynucleotide from optionally ligated connector oligonucleotide(s) 
results occurs under conditions resulting in the formation of an at least 
essentially single stranded identifier polynucleotide. 

72. The method of claim 71, wherein the separation occurs by subjecting the 
hybridised building blocks and conenctors to denaturing conditions such as e.g. 
by performing the separation in a media selected from organic solvents, aprotic 
solvents, acidic solvents, media comprising denaturants, and alkaline solvents. 

73. The method of claim 72, wherein the denaturing conditions are obtained by 
heating the optionally covalently linked connector oligonucleotides and the 
ligated building block oligonucleotides hybridised thereto to a temperature above 
the melting temperature of the duplex portion of the molecule, wherein said 
heating results in said separation. 

74. The method of any of claims 1 to 14, comprising the further step of degrading 
the optionally ligated connector oligonucleotides before any of the chemical 
entities linked to the building block oligonucleotides are reacted. 

75. The method of claim 74, wherein the optionally ligated connector oligonucletides 
comprise or consist of RNA which are degraded by an enzyme selected from 
RNAseH, RNAseA and RNAse 1 , by weak alkaline conditions (pH 9-10), or by 
aqueous Pb(Ac) 2 . 

76. The method of claim 74, wherein the optionally ligated connector oligonucletides 
comprise an internucleoside linker comprising a thiophospate, wherein the 
template is treated with aqueous iodine. 
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77. The method of claim 74, wherein the optionally ligated connector oligonucletides 
comprise one or more uracil nucleobases, and wherein the optionally ligated 
connector oligonucletides are treated with uracil-glycosylase and subsequently 

5 with weak acid to degrade the optionally ligated connector oligonucletides. 

78. The method of any of claims 1 to 77 comprising the further step of separating 
the identifier polynucleotide from one or more optionally ligated connector 
oligonucleotides before reacting any chemical entities, subsequently reacting the 

10 chemical entities and generating a bifunctional complex comprising a molecule 

and an identifier polynucleotidenucleotide consisting solely of ligated building 
block oligonucleotides, wherein said identifier oligonucleotide identifies one or 
more or all of the chemical entities having participated in the synthesis of the 
molecule. 




79. The method of any of claims 1 to 78. wherein the identifier polynucleotide 

comprises a first binding partner of an affinity pair, and wherein a second binding 
partner of the affinity pair is associated with a solid support. 

20 80. The method of claim 79, wherein the binding of the binding partners of said 
affinity pair occurs after the identifier polynucleotide has been separated from 
the optionally ligated connector oligonucletides. 

81 . The method of any of claims 1 to 80, wherein at least one chemical entity 
25 reaction is an acylation reaction. 

82, The method of any of claims 1 to 85, wherein at least one chemical entity 
comprises an amine, and wherein an amide bond is formed when at least one 
chemical entitiy is reacted. 
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83. The method of any of the preceding claims comprising the further step of 
cleaving the molecule from the identifier polunucleotide of a bifunctional 
complex. 
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84. The method of any of claims 1 to 82, wherein the molecule is associated with the 
template through a single covalent bond. 

85. A method for generating a library of bifunctional complexes comprising a 
molecule and an identifier polynucleotide capable of icentifying the chemical 
entities having participated int eh synthesis of the molecule, or identifying the 
reaction steps having lead to the synthesis of the molecule, said method 
comprising the steps of 

hybridising a plurality of building block oligonucleotides to a plurality of connector 
oligonucleotides each capable of hybridising to one or more building block 
oligonucleotides, 

covalently linking said building block oligonucleotides hybridised to one or more 
connector oligonucleotides, thereby generating a plurality of identifier 
polynucleotides linked to a plurality of non-reacted chemical entities, 

separating the identifier polynucleotides from the optionally ligated connector 
oligonucleotides, preferably by degrading the optionally ligated connector 
oligonucleotides or by performing a washing step wherein the identifier 
polynucleotides are associated with a solid support capable of being separated 
from non-bound, optionally ligated connector oligonucleotides. 

reacting chemical entities linked to each of a plurality of different identifier 
polynucleotides, and 

generating a library of bifunctional complexes each comprising a different 
molecule and an identifier polynucleotide identifying the chemical entities having 
participated in the synthesis of the molecule, 

wherein each of the plurality of molecules are generated by reacting at least 2 
chemical entities associated with different building block oligonucleotides. 

86, The method of claim 85, wherein the different molecules comprise different 
functional groups. 
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87. The method of any of claims 85 and 86, wherein pools each comprising a 
plurality of building blocks directed to each connector oligonucleotide are added 
sequentially. 

» 

88. The method of any of claims 1 to 87 comprising the further step of subjecting the 
library of bifunctional complexes to a partitioning procedure, such as an 
enrichment procedure and/or a selection procedure resulting in the enrichment 
and/or selection of bifunctional complexes displaying at least one desirable 
property. 

89. The method of claim 88, wherein the enrichment procedure and/or selection 
procedure comprises the step of subjecting the library of bifunctional complexes 
to a molecular target, and selecting bifunctional complexes binding to said 
molecular target. 

90. The method of claim 88, wherein the enrichment procedure and/or selection 
procedure employs an assay generating for each bifunctional complex a result 
allowing a partitioning of the plurality of bifunctional complexes. 

91 . The method of any of claims 88 to 90 comprising the further step of obtaining the 
identifier polynucleotide part of a bifunctional complex from a plurality of said 
partitioned bifunctional complexes, and optionally separating the identifier 
polynucleotide from the molecule of the bifunctional complex. 

* 

92. The method of any of claims 88 to 91 comprising the further step of amplifying in 
one or more steps said plurality of identifier polynucleotides by a linear 
amplification method or by an exponential amplification method. 

93. The method of claim 92, wherein said amplification generates a heterogeneous 
population of duplex molecules each comprising complementary identifier 
oligonucleotides identifying the chemical entities having participated in the 
synthesis of the molecule of a bifunctional complex. 
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94. The method of any of claims 92 and 93 comprising the further step of converting 
said identifier polynucleotides into duplex molecules each comprising 
complementary identifier oligonucleotides identifying the chemical entities having 
participated in the synthesis of the molecule of a Afunctional complex. 

95. The method of any of claims 92 to 94 comprising the further steps of displacing 
complementary identifier oligonucleotides, thereby generating a population of 
heterogeneous identifier oligonucleotides, and reannealing said displaced 
Identifier oligonucleotides under conditions wherein homo-duplexes and hetero- 
duplexes are formed, wherein homo-duplexes comprises identifier 
oligonucleotides originating from identical Afunctional complexes, and wherein 
hetero-duplexes comprises identifier oligonucleotides originating from different 
bifunctiona! complexes, such as bifunctlonal complexes comprising different 
molecules. 

96. The method of claim 95, wherein homo-duplexes and hetero-duplexes are 
separated by a chemical or enzymatical separation methods, or by physical 
separation methods. 

97. The method of claim 95 comprising the further step of isolating homo-duplexes 
by removal of hetero-duplexes. 

98. The method of claim 97, wherein hetero-duplexes are removed by enzymatic 
degradation. 

99. The method of claim 98, wherein the enzyme comprises a nuclease activity. 

1 00. The method of any of the claims 98 and 99, wherein the enzyme is 
selected from T4 endonuclease VII, T4 endonuclease I, CEL I, nuclease S1, or 
variants thereof. 



The method of any of claims 98 and 99, wherein the enzyme is 
thermostable. 
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102. The method of any of Ihe claims 88 to 101, wherein the library 
comprises 1,000 or more different members, such as 10 6 different members, for 
example 10° different members, such as 10 7 different members, for example 10 8 
different members, such as 10 9 different members, for example 10 to different 
members, such as 10 12 different members. 

103. The method of any of claims 88 to 102, wherein the molecular target is 
immobilized on a solid support. 

104. The method of claim 103, wherein the target immobilized on the 
support forms a stable or quasi-stable dispersion. 

1 05. The method of any of the claims 103 and 104, wherein the molecular 
target comprises a polypeptide. 

106. The method of claim 105, wherein the polypeptide is selected from the 
group consisting of kinases, proteases, phosphatases. 

107. The method of any of the claims 88 to 105, wherein the molecular 
target comprises an anti-body. 

1 08. The method of any of the claims 88 to 1 03, wherein the molecular 
target comprises a nucleic acid. 

1 09. The method of claim 108, wherein the nucleic acid comprises a DNA 
aptamer or an RNA aptamer. 

110. The method of any of the claims 1 05 and 1 06, wherein the target 
polypeptide is attached to a nucleic acid having templated the synthesis of the 
polypeptide. 

111. The method of any of claims 95 to 101 , wherein any remaining homo- 
duplexes are amplified prior to decoding the identity of the molecule of a 
Afunctional complex. 
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1 1 2. The method of claim 95, wherein the steps of identifier oligonucleotide 
displacement and reannealing are repeated at least once. 

1 1 3. The method of any of claims 95 to 1 1 2, wherein the identifier 
polynucleotide and/or optionally llgated connector oligonucleotides are 
recovered from the selection procedure and reused for a second or further round 
synthesis of molecules. 

1 14. The method of any of the preceding claims wherein at least 3 chemical 
entities are reacted, such as at least 4 chemical entities, for example at least 5 
chemical entities, such as at least 6 chemical entities, by reacting at least 1 
reactive group of each chemical entity. 

115. The method of any of the preceding claims, wherein at least 3 building 
block oligonucleotides are hybridised to at least 2 connector oligonucleotides, 

wherein at least 3 of said building block oligonucleotides comprise at least 1 
chemical entity, such as a chemical entity comprising at least 1 reactive group, 

wherein at least 1 of said building block oligonucleotides hybridizes to at least 2 
connector oligonucleotides, 

and wherein at least 3 chemical entities are reacted by reacting at least 1 
reactive group of each chemical entity, 

wherein the reaction of said chemical entities results in the formation of the 
molecule by reacting the reactive groups of the chemical entities, or by 
covalently linking at least 3 chemical entities provided by separate building block 
oligonucleotides. 

* 

116. The method of any of the preceding claims, wherein at least 4 
chemical entities are reacted, such as at least 5 chemical entities are reacted, 
for example at least 6 chemical entities are reacted, such as at least 8 chemical 
entities are reacted, by reacting at least 1 reactive group of each chemical entity. 
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117. The method of any of the preceding claims comprising the steps of 

hybridizing at least 4 building block oligonucleotides to at least 2 connector 
oligonucleotides, 

wherein at least 4 of said building block oligonucleotides comprise at least 1 
chemical entity such as a chemical entity comprising at least 1 reactive group, 

wherein at least 1 of said building block oligonucleotides hybridizes to at least 2 
connector oligonucleotides, 

wherein at least 4 chemical entities are reacted by reacting at least 1 reactive 
group of each chemical entity, 

wherein the reaction of said chemical entities results in the formation of the 
molecule by reacting the reactive groups of the chemical entities, or by 
covalently linking at least 4 chemical entities provided by separate building block 
oligonucleotides. 

1 1 8. The method of any of the preceding claims, wherein at least 5 
chemical entities are reacted, such as at least 6 chemical entities are reacted, 
for example at least 8 chemical entities are reacted, such as at least 10 chemical 
entities are reacted, by reacting at least 1 reactive group of each chemical entity. 

119. The method of any of the preceding claims comprising the steps of 

hybridizing at least 5 building block oligonucleotides to at least 2 connector 
oligonucleotides, 

wherein at least 5 of said building block oligonucleotides comprise at least 1 
chemical entities, such as a chemical entity comprising at least 1 reactive group, 

wherein at least 1 of said building block oligonucleotides hybridizes to at least 2 
connector oligonucleotides, 
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wherein at least 5 chemical entitles are reacted by reacting at least 1 reactive 
group of each chemical entity, 

wherein the reaction of said chemical entities results in the formation of the 
molecule by reacting the reactive groups of the chemical entities, or by 
covalently linking at least 5 chemical entities provided by separate building block 
oligonucleotides. 

* 

120. The method of any of the preceding claims, wherein at least 6 
chemical entities are reacted, such as at least 7 chemical entities are reacted, 
for example at least 8 chemical entities are reacted, such as at least 10 chemical 
entities are reacted by reacting at least 1 reactive group of each chemical entity. 

1 21 . The method of any of the preceding claims wherein reacted chemical 
entities are linked to the oligonucleotide part of different building blocks. 

1 22. The method of any of the preceding claims, wherein different chemical 
entities are provided by different building blocks. 

123. The method of any of the preceding claims, wherein at least one 
chemical entity of one building block is reacted with at least one chemical entity 
of another building block. 

124. The method of any of the preceding claims, wherein the molecule 
comprising reacted chemical entities or covalently linked chemical entities is 
linked to the polynucleotide part of a building block oligonucleotide. 

1 25. The method of claim 1 24 comprising the further step of cleaving at 
least one linker linking the molecule comprising reacted chemical entities or 
covalently linked chemical entities to the polynucleotide part of a building block 
oligonucleotide. 

126. The method of claim 125, wherein all linkers but 1 linker are cleaved, 
and wherein the linker not cleaved links the molecule to the polynucleotide part 
of a building block oligonucleotide. 
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127. The method of any of the preceding claims, wherein building block 
oligonucleotides hybridized to connector oligonucleotides are linked by covalent 
bonds before being separated from optionally ligated connector oligonucleotides 
hybridised thereto. 

128. The method of claim 127 comprising the step of performing a • 
polynucleotide extension reaction resulting in individual building block 
oligonucleotides being linked together by covalent bonds. 

129. The method of any of the preceding claims, wherein connector 
oligonucleotides hybridized to building block oligonucleotides are not linked by 
covalent bonds before being separated from ligated building block 
oligonucleotides. 

130. The method of any of claims 1 to 128, wherein connector 
oligonucleotides are linked when being separated from ligated building block 
oligonucleotides, preferably by ligating the connector oligonucleotides, optionally 
by initially performing a polynucleotide extension reaction resulting in individual 
connector oligonucleotides being linked together by covalent bonds. 

131 . The method of any of claims 1 to 128 comprising the further steps of 

linking the building block oligonucleotides, preferably by ligating the building 
block oligonucleotides, optionally preceded by performing a polynucleotide 
extension reaction resulting in individual building block oligonucleotides being 
linked together by covalent bonds, and 

linking the connector oligonucleotides, preferably by ligating the connector 
oligonucleotides, optionally preceded by performing a polynucleotide extension 
reaction resulting in individual connector oligonucleotides being linked together 
by covalent bonds, 



said linking reactions being performed prior to the separation of linked building 
block oligonucleotides from the linked connector oligonucleotides. 



105 

132. The method of any of the preceding claims, wherein the method does 
not involve ribosome mediated translation. 

* 

133. The method of any of claims 114 and 115 comprising the further step 
of hybridizing at least 1 further connector oligonucleotide to at least 1 building 
block oligonucleotide, such as 2 or more building block oligonucleotides, 
hybridized to at least 1 connector oligonucleotide, such as 2 or more connector 
oligonucleotides, of a hybridisation complex comprising hybridised connector 
oligonucleotides and building block oligonucleotides, 

1 34. The method of claim 1 33, wherein the further connector 
oligonucleotide is selected from the group consisting of 

connector oligonucleotides comprising at least 1 chemical entity comprising at 
least 1 reactive group, 

connector oligonucleotides comprising at least 1 reactive group, and 
connector oligonucleotides comprising at least 1 spacer region. 

135. The method of any of claims 1 14, 1 15, 133 and 134 comprising the 
further step of hybridizing at least 1 further building block oligonucleotide 
selected from the group consisting of 

building block oligonucleotides comprising at least 1 chemical entity comprising 
at least 1 reactive group, 

building block oligonucleotides comprising at least 1 reactive group, and 

building block oligonucleotides comprising at least 1 spacer region, 

to at least 1 connector oligonucleotide, such as 2 connector oligonucleotides of 
hybridisation complex, or to the at least 1 further connector oligonucleotide 
hybridised in the method of claims 133 and 134, wherein said connector 
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oligonucleotide or further connector oligonucleotide is preferably hybridized to at 
least 1 building block oligonucleotide, such as 2 or more complementary 
connector oligonucleotides, for example 3 complementary connector 
oligonucleotides, such as 4 complementary connector oligonucleotides, for 
example 5 complementary connector oligonucleotides, such as 6 
complementary connector oligonucleotides. 

1 36. The method of claim 1 34, wherein the step of hybridizing at least 1 
further connector oligonucleotide is repeated at least once, such as 2 times, for 
example 3 times, such as 4 times, for example 5 times, such as 6 times. 

1 37. The method of claim 1 35, wherein the step of hybridising at least one 
further building block oligonucleotide is repeated at least once, such as 2 times, 
for example 3 times, such as 4 times, for example 5 times, such as 6 times. 

138. The method of any of the preceding claims, wherein at least n con- 
nector oligonucleotides and at least n-1 building block oligonucleotides are pro- 
vided, n being an integer of from 3 to 6, and wherein each building block oligo- 
nucleotide hybridizes to at least 2 connector oligonucleotides. 

1 39. The method of claim 138, wherein n is 3 or 4. 

140. The method of any of claims 1 to 137, wherein at least n connector 
oligonucleotides and at least n building block oligonucleotides are provided, n 
being an integer of from 3 to 6, and wherein at least n-1 building block oligonu- 
cleotide hybridize to at least 2 connector oligonucleotides. 

141. The method of claim 140, wherein n building block oligonucleotides 
hybridize to at least 2 connector oligonucleotides. 

142. The method of any of claims 140 and 141 , wherein n is 3 or 4. 



1 43. The method of any of claims 1 to 137, wherein at least n connector 

oligonucleotides and at least n+1 building block oligonucleotides are provided, n 
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being an integer of from 3 to 6, and wherein at least n-1 building block oligonu- 
cleotide hybridize to at least 2 connector oligonucleotides. 

144. The method of claim 143, wherein n building block oligonucleotide hy- 
bridize to at least 2 connector oligonucleotides. 

4 

145. The method of any of claims 143 and 144, wherein n Is 3 or 4. 

146. The method of any of claims 1 to 137, wherein at least n connector 
oligonucleotides and at least n+2 building block oligonucleotides are provided, n 
being an integer of from 3 to 6, and wherein at least n-1 building block oligonu- 
cleotide hybridize to at least 2 connector oligonucleotides. 

147. The method of claim 148, wherein n building block oligonucleotide hy- 
bridize to at least 2 connector oligonucleotides. 

148. The method of any of claims 146 and 147, wherein n is 3 or 4. 

149. The method of any of claims 1 to 137. wherein at least n connector 
oligonucleotides and at least n+3 building block oligonucleotides are provided, n 
being an integer of from 3 to 6, and wherein at least n-1 building block oligonu- 
cleotide hybridize to at least 2 connector oligonucleotides. 

150. The method of claim 149, wherein n building block oligonucleotide hy- 
bridize to at least 2 connector oligonucleotides. 

151 . The method of any of claims 149 and 150, wherein n is 3 or 4. 

152. The method of any of claims 1 to 137, wherein at least n connector 
oligonucleotides and at least n+4 building block oligonucleotides are provided, n 
being an Integer of from 3 to 6, and wherein at least n-1 building block oligonu- 
cleotide hybridize to at least 2 connector oligonucleotides. 

1 53. The method of claim 1 52, wherein n building block oligonucleotide hy- 
bridize to at least 2 connector oligonucleotides. 



108 



1 54. The method of any of claims 152 and 153, wherein n is 3 or 4. 

1 55. The method of any of claims 1 to 1 37, wherein said plurality of con- 
nector oligonucleotides comprises branched connector oligonucleotides, wherein 
at least n branched connector oligonucleotides and at least n building block oli- 
gonucleotides are provided, n being an integer of from 2 to 6, and wherein at 
least n-1 building block oligonucleotide hybridize to at least 2 branched connec- 
tor oligonucleotides. 

156. The method of claim 155, wherein at least n+1 building block oligonu- 
cleotides are provided. 

157. The method of any of claims 155 and 156, wherein at least n building 
block oligonucleotides hybridize to at least 2 branched connector oligonucleo- 
tides. 

158. The method of claim 157, wherein at least n+1 building block oligonu- 
cleotide hybridize to at least 2 connector oligonucleotides. 

159. The method of any of claims 157 to 158, wherein n Is 3 or 4. 

160. The method of any of the preceding claims comprising the further step 
of repeating at least once, such as 2 times, for example 3 times, such as 4 
times, for example 5 times, such as 6 times, for different connector oligonucleo- 
tides and different building block oligonucleotides, the steps of hybridising con- 
nector oligonucleotides and building block oligonucleotides to a hybridisation 
complex comprising hybridised connector oligonucleotides and building block 
oligonucleotides. 

1 61 . The method of any of claims 1 to 160, wherein a plurality of reactive 
groups of at least 1 chemical entity of a building block oligonucleotide react with 
reactive groups of chemical entitles of at least 2 other building block oligonu- 
cleotides. 
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162. The method of claim 161 , wherein the at least 1 chemical entity com- 
prises from 2 to 6 reactive groups. 

163. The method of claim 161, wherein at least 3 of said reactive groups of 
said at least 1 chemical entity react with at least 1 reactive group of at least 3 
additional chemical entities. 

164. The method of any of the preceding claims, wherein said plurality of 
building block oligonucleotides comprise at least 2 building block oligonucleo- 
tides which are non-identical. 

■ 

1 65. The method of any of the preceding claims, wherein said plurality of 
building block oligonucleotides comprise at least 2 branched building block oli- 
gonucleotides. 

166. The method of any of the preceding claims, wherein said plurality of 
connector oligonucleotides comprise connector oligonucleotides comprising a 
sequence of n nucleotides, wherein n is an integer of from 8 to preferably less 
than 100, such as less than 80, for example less than 60, such as less than 40. 

167. The method of claim 166, wherein said plurality of connector oligonu- 
cleotides further comprise connector oligonucleotides comprising at least 1 
branching point connecting at least three polynucleotide fragments comprising a 
sequence of n nucleotides, wherein n is an integer of from 8 to preferably less 
than 100, such as less than 80, for example less than 60, such as less than 40. 

1 68. The method of any of claims 1 to 167, wherein said plurality of building 
block oligonucleotides comprise oligonucleotides comprising a sequence of n 
nucleotides, wherein n is an integer of from 8 to preferably less than 60, such as 
less than 40, for example less than 20. 

169. The method of claim 168, wherein said plurality of building block oligo- 
nucleotides further comprise polynucleotides comprising at least 1 branching 
point connecting at least three polynucleotide fragments comprising a sequence 
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of n nucleotides, wherein n is an integer of from 8 to preferably less than 60, 
such as less than 40, for example less than 20. 

170. The method of any of the preceding claims, wherein the polynucleotide 
part of at least one connector oligonucleotide and/or at least one building block 
oligonucleotide is capable of undergoing self-hybridization. 

171. The method of any of the preceding claims comprising the further step 
of covalently linking at least one connector oligonucleotide to at least one build- 
ing block oligonucleotide. 

1 72. The method of any of the preceding claims, wherein the connector 
oligonucleotides and/or the building block oligonucleotides are provided in batch. 

173. The method of any of claims 1 to 172, wherein the connector oligonu- 
cleotides and/or the building block oligonucleotides are provided sequentially. 

174. A method for synthesising a plurality of different molecules, said 
method comprising 

providing a plurality of connector oligonucleotides each capable of hybridizing to 
at least 1 complementary connector oligonucleotide, 

providing a plurality of complementary connector oligonucleotides selected from 
the group consisting of 

a) complementary connector oligonucleotides comprising at least 1 chemical 
entity comprising at least 1 reactive group, 

b) complementary connector oligonucleotides comprising at least 1 reactive 
group, 

c) complementary connector oligonucleotides comprising at least 1 spacer 
region. 
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hybridizing the plurality of connector oligonucleotides and complementary 
connector oligonucleotides, thereby forming a plurality of different hybridisation 
complexes, each hybridisation complex comprising at least 2 complementary 
connector oligonucleotides and at least 2 connector oligonucleotides, 

wherein, for each of said hybridisation complexes, 

at least 2 of said complementary connector oligonucleotides comprise at least 1 
chemical entity comprising at least 1 reactive group, and 

at least 1 of said complementary connector oligonucleotides hybridizes to at 
least 2 connector oligonucleotides, and 

Hgatlng, enzymatically, chemically, or otherwise, complementary connector 
oligonucleotides, thereby forming identifier polynucleotides, wherein each 
identifier polynucleotide is associated with a plurality of unreacted chemical 
entities, 

separating each identifier polynucleotide associated with unreacted chemical 
entities from optionally ligated connector oligonucleotides associated therewith, 

reacting, when the identifier polynucleotides are no longer hybridised to the 
optionally ligated connector oligonucleotides, at least 2 chemical entity reactive 
groups of each polynucleotide identifier by reacting at least 1 reactive group of 
each chemical entity, 

wherein, for each bifunctional complex, the reaction of said chemical entity reac- 
tive groups results in the formation of a different molecule by reacting at least 2 
chemical entities provided by separate complementary connector oligonucleo- 
tides, thereby synthesising a plurality of different molecules. 

7S. The method of claim 174 comprising the further step of selecting mole- 

cules having desirable characteristics, wherein the selection employs a prede- 
termined assaying procedure. 
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176. The method of any of claims 174 to 175 comprising the further step of 
amplifying at least part of the individual and optionally llgated connector oligonu- 
cleotides used for the formation of the initial hybridisation complexes. 

177. The method of claim 176 comprising the further step of contacting a 
population of said amplified, optionally ligated connector oligonucleotides, or 
fragments thereof, with a plurality of building block oligonucleotides. 

178. The method of claim 177 comprising the further step of performing an 
additional synthesis round by carrying out the steps of the method of the inven- 
tion using a population of said amplified connector oligonucleotides, or a popula- 
tion of said amplified connector oligonucleotide fragments. 



113 



Abstract 



* 

The present invention in one aspect relates to a method for synthesizing a 
bifunctional complex comprising a molecule and an identifier polynucleotide 
identifying at least some of the chemical entities which have participated in the 
synthesis of the molecule in accordance with the methods of the present invention. 
The invention also relates to a library of different bifunctional complexes. The library 
of the invention can be used e.g. for identifying drug leads. Furthermore, the present 
invention is based on the principle that chemical entities Initially provided on a 
building block oligonucleotide (i.e. a building block having an oligonucleotide part 
which is linked to a chemical entity) can be brought into reactive proximity without 
the use of a template comprising a set of covalently linked codons. Also, the present 
invention allows reaction of chemical entities when the chemical entities are linked 
to a single stranded identifier polynucleotide obtained by covalently linking the 
oligonucleotide parts (oligonucleotide identifiers) of the building blocks. The single 
stranded identifier polynucleotides differs from template directed synthesis methods 
employing codon and anti-codon hybridisation between a template and one or more 
transfer units. i.e. methods wherein e.g. reactive units on transfer units are reacted 
while the anti-codon of the transfer units are hybridised to template codons 
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